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INTRODUCTION 

Progress in solving the well-known problem of degeneration in the 
Jrish potato, Solamm tuberosum L., has been comparatively rapid during 
the last decade. With this progress the apparent complexity of the 
problem has increased. Consequently the results of many investi- 
gators are needed and frequent reports from the various workers in this 
field are desirable. 

Of the many phases of the problem in question, the writers have 
restricted their efforts largely to those of the transmission, variation, 
and control of certain diseases causing degeneration. This paper both 
confirms the results of workers in other regions and also discloses hith- 
erto unreported principles that must be respected if control is to be 
attained ultimately. 


TERMS AND TECHNIC USED IN THESE STUDIES 


As pointed out by Quanjer (jp, p. i2j)^ it is desirable that those work- 
ing with degeneration diseases agree as to tlie meaning of terms em- 
ployed. As the same author also points out in referring to the English use 
of the term " leaf curl,’ ' this agreement has not been realized . The varietal 
modification of symptoms described by Quanjer (jp, p. 130), by Murphy 
(-0,p. 34) y and by the writers in this paper, makes it difficult to reach 
such an agreement in the use of terms until at least the same variety is 
used by different investigators for a study of the various diseases. Under 
Ihis state of affairs it seems necessary first to define the terms to be used 
m this paper. Certain general methods of technic also will be described 
here to obviate repetition. 

Degeneration diseases of potato are here considered to be those trans- 
missible or infectious diseases which are perpetuated indefinitely by vege- 
tative growth and propagation, and of which no cause, either organic or 
inorganic, lias been identified and demonstrated. They include maladies 
"t which the etiology is not fully understood. Although intracellular 
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amoeboid bodies have been found associated with mosaic of tobacco (;■ 
jg), witli mosaic of sugar cane (26), with mosaic of com (22), with moss; 
of Hippeasinim equestrc (23) , with mosaic of Hippeastrum. johnsofiii (it 
and with rosette disease of wheat (24), nevertheless, the causal relatj.;; 
of these bodies and organisms to those diseases remains to be deiiisj:. 
straLed. For convenience this unknown cause, which seems to be asv 
ciated with the plant juice, will be referred to here, as elsewhere, as a c&r. 
(aginm or a virus. Degeneration diseases are further characterized gt:- 
erally ])y dwarfing and chlorosis, and by the absence of the first svni'- . 
toms from foliage that has attained complete growth before the introdiu- 
tion of the virus. 

In the al>scncc of definite information on the exact causes of degenen 
tion diseases of plants, it is necessary to define such diseases, both a-;: 
class and as individuals, entirely in terms of behavior and sympton;: ; 
A number of characteristics are considered by the writers and others a: 
Ijcing elementary “unit symptoms" of degeneration diseases of tb 
j)otato. Dwarfing consists essentially of reduction in size of pan 
(PI. 2, A, 2) rather than in their number, although both may occe 
togeUjer. The supporting parts of the shoots and leaves arc reduced :: ■ 
fe/igtfi and thickness. The leaf bJades are reduced in area, possih!; 
only apparently so sometimes when ^Tinkling or ruffling is prcseni 
Spindliness is lateral dwarfing, resulting in stems or tubers being at 
noriiially slender (PI. 8, A, 2, C, I, 2}. Chlorosis is a yellowing c; 
paleness that affects tlie leaf blades and is assumed as being diffuser 
unless designated as mottling. Mottling is a localized chlorosis consiji 
ing of spotting of the leaf blades by light green areas, vihich maye 
may not oteut in contact with the larger veins, and which vary in shap 
and degree of paleness. These discolored spots are punctate, elotigau 
circular, angular, and irregular. They vary from a barely disceniilit 
fading of tlie green to an almost pure yellow, often in the same spr. 
They seldom exceed a few millimeters in any dimension, and tlieir ds 
tmetness of outline differs, usually in proportion to the degree of ds 
colc'ratioii. They are more readily seen in diffused light than in dircc: 
sunlight. Wrinkling is an abnormal unevenness of the leaf-blade surfac 
due to depressions and prominences not arranged in any uniform rnannt; 
as with rugosity (Pi. i, A, 1,2). Rugosity differs from wrinkling in hav- 
ing depressions only at the veins and in having the prominences > 
uniform height (PI. 3, C; 4, A, 1). Ruffling is an abnormal uneve:. 
ness of the leaf-blade surface caused by ridges that develop or becoii;-; 
more [ironounced witli passage from the midrib to the lateral margii:? 
resulting in waviness of the margin (PI. r, A, i, 2). Curling is a’ 
abnormal bending of the leaf blade downward along tlie main vei: 
(Id. 3, .A). Rolling is an upward curving of the sides of each leafic- 
witli tlic midrib at tlie bottom of the trough thus formed (PI, 6, C, 2 
Uprightness may appear in both leaves and stems but is assumed tod.r 
in tlie latter alone unless otherwise stated (PI. 10, B, 2, C, center 
It is characteristic of normal plants in most varieties when small an' 
probably in diseased plants is often due to dwarfing. Rigidity nia- 
affect either stems or petioles, or both; brittleness may do the saip 
(Ul, 6, A, 2, B, i). Necrosis is tlie premature death of tissues accoiv 
panied and manifested by their tiiming brown. It may appear as sp' - 
necrosis or spotting (PI. 5, B), with brown flecks of leaf blade usuaU 
more conspicuous on the upper surface ; or, as streak necrosis or streab 
ing, with firown streaks first, most evident on the lower surface of tB 
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f veins (PI. 5. B) but sometimes also apparent on the upper leaf 
fac^, stems, and petioles; or, it may api>car as marginal necrosis or 
■ning, beginning at the margin and progressing inward. vStreaking 
V spread out into tlie parenchyma as spotting or burning. I^eaf 
>I)jting concerns entire leaves, usually the lowest first, and then pro- 
Ksively higher ones. It may begin with a collapse of the green petioles, 
lowed by wilting and finally by necrosis of tlie petioles and blades’, 
einalure death usually is preceded by leaf dropping and necrosis and 
allv involves the whole stem and shoot. 

The preceding is concerned with isolated unit s^’mp^oms. Certain 
:({uently occurring groupings cf these unit symptoms have been eon- 
ered as indicating the presence of certain viruses and have been desif^- 
ted by various descriptive terms such as mosaic {^2, .;5), nios;iIc 
Kiri [2i; 32, fig. 29), curly dwarf {32, 38), streak '(5, />. ’50; jj), 

Lf roll {32, .p), and others. These symptom-complexes wilfbe con’ 
Icred later in this paper, except that it may be stated licre that a de- 
ne rati.. n disease is considered to be of the mosaic Ivpe if there is 
altling and abnormal unevenness of the leaf surface. 

'I'he writers have performed inoculation, or the introduction of material 
1. culum) from a diseased plant into a healthy one, by means ui several 
Eihods. T'uber grafts have been, made by keeping in contact the cut 
riaees t>f split tubers. Stalk grafts have been made by splitting the 
althy stalk and inserting the wedge-shaped base of a diseased scion 
id fastening with cord and water-impermeable tape. Iveaf-mutilation 
Dculaticm consists of bruising the healthy ieaves with the lingers or palms 

d applying to the spongy mass of mutilated leaf tissue juice ikt has 
sn expressed irom a diseased plant. This may be repeated at intervafe 

Aa^s. CapeWary-tube inoculation consists of inscrtiiu. sm-vil 
s tube.s. containing the inoculum, into the stalk. Aphids ha?e been 
Slcrrcd from the diseased to the hoaltliv ,,Iant growing i ,i sxkua," 
•s or liave been both transferred and allmvcd to disiierse ivi li H e 
ased .and liealtliv plants in the same cage. In the latter case there ivas 

. ..b'"'m!;:tl’k?ed'brapkd\"'' 

I Uibi r unit are sometimes seiiaralcd and planted in several places or 

I a lnelOnocu al?n'" a|.peanng in the same season 

i.ti ,m Z * 0''"’ ”1 follo«ing botli in,H.-u!a- 

fc s km i .“‘e disease. These tivo el.asses of svmp- 

Is.-'iiatt-l r suk Lk “ infection, have'bek 

fc t / .ni and secondary bv Quail jer (?,y, />. ;6- 

I I, 'll ' ?’"‘^/n.spectively as secondary and primary by Kdgertoii (iS 

|:re.d is*tlie‘fcneth"Te sugar-cane mosaic. The incubation' 
lurreiif c "f tune between inoculation ami the .aiiiiearance of 

amZrZ niZk""-, " uurrenl.eason symptoms arckbsent or il 
k'sir-it li to nhsi '’i’u'U'mal conditions, it is 

If ihiv aiipior “’^.^‘'"’'’dscueration following tuber perpetuation. 
Wants ancf unt k vondiUoiis m a high percentage . :f the inoculated 
IcTI nresnm h e uncontrolled natural transmission in the 

If tlie c«ntrZZkk"Z‘*’ “use late-.seasoii infection 

■lian that midi b f <>bsen-ation after tuber perpetuation is of less i altie 
at nude before. The second-generation progeny of a hill will be 
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called a hill lot. Hill lots from the same tuber unit are the beginning 
a tuber-unit strain. A hill lot usually is planted so that it consists 
consecutive undivided tuber units, in order that comparison betwt^ 
tubers may be made more easily. 

TRANSMISSION AND DIAGNOSIS IN THE GREEN MOUNTAIN VARIi;: 

A given degeneration disease often differs with the variety of potatOf. 
so that the data first presented will be limited to the variety with uh: 
the writers are most familiar. In this variety, the Green Mounta;: 
several diseases have been distinguished, occurring both singly and: 
combinations. They will be considered first separately and then cor. 
paratively, with final consideration of the question of combinations. 

MILD MOSAIC 

Mosaic of potatoes was first described in the literature by W. A. On : 
p. 42 \ 2g, p. although Quanjer claims to be the first to d. 
tinguish it {39, p. 128 ) : 

Gradually I learned to distinguish the leaf-roll type, and another type whicli r; 

minded me of the mosaic disease of tobacco AJ’tenvards Danish and Amcr:^, 

investigators also began to distinguish mosaic. 

The term “mosaic” will be used here as covering several types: 
diseases all cliaractcrized in common by mottling and wrinkling. T: 
term “mild mosaic” has been used by Tolaas {49, p. 10) and is now us^- 
by the writers as equivalent to the slight, slight plus, and, in part : 
least, the medium stages of mosaic as previously described by the: 
{40, p. 376). The characteristic symptoms consist of slight dwarlir; 
distinct mottling, wrinkling, and some ruffling (PI. i, B, i, C,2). 
will be shown later, it is more easily transmitted than leaf roll and is le: 
easily transmitted than rugose mosaic and streak. The tuber symptor.. 
are a general average reduction in size. 

CONTACT INOCUrATIONS 

As reported previously {40, p. 319), tuber-graft inoculation may rcsi:: 
in infection with current -season symptoms. vStalk grafts may do l!.: 
same (45, p. 231-33; 40, />. 319). Temporary contact of healthy ar; 
mosaic seed pieces all cut with the same knife did not cause appreciai - 
infection {40, p. 332-33). Contact of uncut tubers in storage probalv 
results in no transmission. Several stocks with a small percentage ' 
mosaic have been used to furnish seed for greenhouse experiments carl; 
in the winter and also for field experiments after winter storage, but ti- 
not have a higher percentage of incidence in the field after the longc 
period of contact of the tubers in storage. 

Contact of healthy and mosaic shoots was not followed by infecti'i 
in greenhouse experiments (43, p. 264-63) e.xcept after aphids had j^: 
upon tliesc shoots. 

Contact of both shoots and roots in the greenhouse. {40, p. 333) v.-:;? 
not followed, during three months of active growth subsequent t- 
establishment of contact, by any mosaic symptoms. This was in niai'kt.:' 
contrast with results in a contemporary experiment wherein plar:; 
that started to grow 2 weeks later and that were harvested at the stun 
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ie showed symptoms from 4 to lo weeks before harvest as the effect 
fiphid transmission. 

Complete contact inoculation of 10 hills inside of 5 field cages in 1919 
s accompanied by ^ansmission of mosaic in the first generation only 
one cage where aphids accidentally gained access (40, p. 

\ greenhouse experiment was performed in the winter of 1919-20 
aphids excluded by insect cages and with two healthy plants growing 
the same pots with mosaic ones. The tubers when dug remained 
ached to the rhizomes and those of the healthy plants produced 
dthy progeny. 

[n field insect cages in 1920, healthy hills grown with roots, shoots, or 
ill in contact with mosaic hills (Table I) displayed no svniptoms and 
p healthy progeny, except when aphids were present. 

aABLE I. mosaic inoculaiiofis of caged Green Mountains in ig^o 

I Isle^ 


Aphids, flea beetles, and full contact (of roois aial 

slioots) 

Flea beetles and full contact | 

, Full contact (controls to Series 1,2 ) ! 

Root contact 

Flea beetles and shoot contact 

Flea beetles ' 

Shoot contact I 


I tiilKT units tacli represented in Series i or 2. 3, anrl 

II tuber units e.ieh eipnilly rqiresented in St'rics 5. 6, and 7 


|l luring the winter of 1921 and 1922, in a greenhouse experiment at 
la'^hington, D. C., 15 healthy tubers were split; one half of each tuber 
fes planted in an 8-irich pot not in contact with a mosaic plant, the other 
Ilf was jilanted in a ro-inch pot wfith a tuber half taken from a mild 
losaic potato vine. Ten of the healthy half tubers were planted in 
Intact with the mosaic seed pieces but not grafted; the remaining 5 were 
lanted 6 inches from the mosaic seed pieced. Nine of the mosaic seed 
leoes represented the Bliss Triumph variety, while the remaining six 
|cNaic tuber halves represented the Green Mountain variety. 

I Gie fifteen lo-inch pots ivere kept under aphid-proof cages from 
jecember 30, 1921, when the tubers were planted, until April ii, 1922, 
P'.-n they were har\^ested. The fifteen 8-inch control pots with the 
pigle healthy half-tuber seed pieces were kept uncaged in the same 
rccnliouse as the caged lots. Three examinations for aphids during 
|ie coarse of this experiment did not disclose a single aphid within the 
These observations also revealed that every vine from the 15 
losaic seed pieces showed distinct mild mosaic mottling, and that the 
mes troin the 15 health}' seed pieces remained free from Tiiosaic mottling 
ntil they were harvested April i r, 1922, when the majority of the plants 
loux'd distinct si^s of maturity. The sccond-gcncration plants from 
1C healthy seed pieces like the first generation also failed to show any 
.v'ls of mosaic mottling, while under the same conditions distinct 
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mosaic mottling appeared on the vines from mosaic seed pieces. T- 
test confirms earlier, well -con trolled experiments, showing that root a; 
vine contact alone do not result in mosaic transmission. 

Further data on contact inoculation will be given when consider- 
intervarieta! transmission. 

JUICE-TRANSFER INOCULATIONS 

Aphids are a natural means of transmission and when of cosmop 
itan species like potato aphids, Macrosiphum solanifolii Ashm.. 
spinach aphids, Myzus persime Sulz., are usually readily available i: 
capable of being multiplied to sufficient numbers under control con; 
tions, at least for a limited number of experiments. The difficulty v,: 
aphids is chiefly one of supplying the proper control conditions ; 
inoculations on a large number of plants in the open field. Aphids 
cause uncertainty regarding the interpretation of the presence or abscr. 
of certain symptoms, inasmuch as they often produce dwarfing, mottli;. 
chlorosis, wrinkling, streaking, and complete necrosis directly even h 
nonvirulent, especially if abundant, and as, on the other hand, they ir,; 
be influenced by certain conditions so that they do not accept a n-, 
host readily. Therefore an artificial method of transmission if effect; 
may be preferable to the use of aphids, because of greater ease of ap[ 
cation to a large number of plants, because of llie absence of din 
inoculation injury on the new growth, and because of the greater u: 
formity of treatment. It also introduces no disturbing factor into, 
aphid-free field or greenhouse as would be done by the introduction 
uncaged aphids or of aphid cages. It sometimes is necessary wh 
aphids fail to increase to sufficient numbers. 

While each method has advantages, both should be used, especia' 
with such virus diseases as have been transmitted experimentally k 
neither or with only one. As an artificial method of inoculation, tut- 
grafting is handicapped by the uncertainty as to how many new d- 
eases were acquired by the parent vines while apparently healthy, wt. 
stem grafts in the open field often fail because of hot, dry weathe 
As a result, the leaf-mutilation method (p. 45) has been used exit: 
sively by the writers. 

It has been reported (45, />. 253-54; 40, p. 320-26) that mosaic cl 
be transmitted by leaf -mutilation inoculation, but there is some uiict 
tainty as to what types of mosaic w^ere involved. The type diagnose 
as mild mosaic has since been used. 

Such inoculations in 1921, in the open field, and during the preced;:. 
winter, were intcrvarietal and will be described later. Some were pt: 
formed and repeated inside of insect cages "within the Green Mountc; 
variety, upon 6 hills in as many tuber units. Tw’o hills showed curret 
season symptoms and their progeny, three and four tuber units, resp 
tively, were mild mosaic. The other 4 inoculated hills and 18 otb 
caged hills in the same tuber units, ivere all healthy in both generatioiL 
originating from healthy control hills caged in 1920. Six of the : 
other hills were inoc'ulated with the capillary-tube method (p. 45) u-- 
1 2 were controls. 

On December 19, 1921, in the greenhouse at Washington, D. C, ciC 
potato plants, from 3 to 8 cm. in height, "were treated with juice froit^ 
mild mosaic vine by leaf-mutilation inoculation. Four of these plaij' 
were then kept in a moist chamber for 24 hours while the remain'-: 
were outside of a moist chamber. By the end of four weeks, n- 
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ic appeared on the top leaves on one of the plants. At tliis time 
vines varied from 30 to 40 cm. in heij^ht. On the vines in the 
nd generation, however, this and two additional cases developed mild 
,aic. These three mottled vines — that is, 37 per cent of tlie treated 
is— inchided all the plants, except one, kept in a moist chamber 
24 hours after treatment. Xone of the inoculations outside of moist 
imbers were effective. The three successful inoculations were per- 
med on three of the four plants that were 5 cm. or more high when 
•ulated. 

in December 21, 1921, eight healtliy plants were treated as those 
'ulated on December 19 had been, with the exception that only two 
the plants were kept in moist cliambers until 24 hours after inocula- 
One of these plants developed mild mosaic before harvest, and 
the second generation the other showed mild mosaic. Hence’ only 
two vines which were placed in moist chambers developed mosaic, 
each of the foregoing series only a single inoculation was performed, 
.eaf-mutilation inoculation (not repeated) with mild mosaic had no 
fccts when made in the Orono (Me.) greenhouse in the winter of 192 1-22, 
10 hills from five tuber units. The 10 progeny of the. sources of inocu- 
and the 27 progeny of the inoculated hills were all grown in the 
ne greenhouse in the following summer, ^vhen neither group showed 
y mosaic symptoms. If infection took place, it was masked in the 
Olid generation. This was in contrast to parallel inoculations with 
e rugose type of mosaic, where symptoms appeared in both generations 
• o’)- 

I-iftccn healthy plants representing six different tubers were inoculated 
lur times at approximately weekly intervals, with inoculum taken from 
linild mosaic vine and applied by the leaf-mutilation method. The first 
Illation was made when the plants were from 3 to 9 cm. in height, 
ibruary i, 1922, and the last on February 23^ in the Washington 
C.) greenhouse. On March r the first mild mosaic symptoms ap- 
ired on the young leaves in 2 plants and by March 21, 10 additional 
lants, or So per cent, showed mottling. The same number of vines 
ere mild mosaic on all leaves in the second generation. The character 
f these symptoms was like those on the vines with a single inoculation 
itli mild mosaic made in December, previously described. Accordingly, 
;pcated inoculations produced a higher percentage of infected plants 
'.an a single inoculation. All uninoculated controls from the same 
bers as the inoculated plants remained healthy in both generations, 
may he pointed out that the three unsuccessful inoculations and one 
ilii incomplete current-season symptoms (on only one shoot) were made 
»n plants among the 7 which were 5 cm. or less in height at the time 
|f the first inoculation. 

Leaf-mutilation inoculations with mild mosaic were performed again 
1922, both in the open field and inside of insect cages, with current- 
ason symptoms in the cages (PI. 2 , A, 2). (For details see later section 
Inoculations performed in 1922.”) 

Ihcse results show that leaf-mutilation inoculation is sometimes, but 
necessarily, an effective means of infection with mild mosaic an<l 
explain the skepticism of certain workers in Holland regarding 
■lus method were it not that this skepticism is apparently not based on 
mv trial of this method, but rather on a needle- prick method (4, p. 19), 

■ Inch the Avriters long ago discarded as useless (discussion on streak, 

• 53 ). 
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INSECT INOCl.ri,ATIONS 

It is thought that mild mosaic alone was involved with several exper 
meets previously reported (45, p. 261-66; 40, p. 326-28; 41, p. 
as giving transmission with aphids within Green Mountains, but furth 
experiments Avere made. 

In 1921, six healthy hills of as many tuber units w^ere caged, ea: 
cage containing two of these hills separated by a hill having both mi; 
mosaic and the spindling-tuber disease. Potato aphids, Macrosiphu" 
solanifolii Ashmead,^ w'ere introduced upon the diseased plants and fn: 
each of these either dispersed or were transferred to the healthy h- 
or hills in the same cage, hater they were sprayed Avith nicotine sol:, 
tion. Data are presented in Table II. 

Two of the five inoculated hills became mosaic, xvith symptoms on! 
in the progeny. The five control hills in the same tuber units btit :■ 
different cages were healthy and their progeny, 15 tuber units, wc: 
healthy. It is to be noted that complete mosaic infection occurred oti! 
in the hill (No. i of cage B-3) where there was the earliest dispersal ■: 
aphids, w'here the aphids were not all killed by the first spray applicatifc 
and where there was only one healthy hill to which to disperse. 

In 1921, in another cage, aphids transmitted both mild mosaic ar 
spindling tuber (Table XVI, inoculation No. 14). 


Taele II. — .UjW mosaic and spindling-tuber inoculations of caged Green Mount.::- 
with aphids, in ig2i 



Diseased hill. 


Healthy bills. 



Cace. 




Progeny. 




Date of 





Num- i Aphids iiitro- 
Iht, ! duccd. 

Aphids transferred. 

spr,ayin(j : 
for 

Total 


liii-. 


1 


aphids. 


Mosaic. 







Percen:. 

Per,;-: 

B-i 

jitmc 2S 

I ; July q und 13 . , 

,i July iS. . 

4 

0 

^ : 

* lIlllVQ 

3 ' d j 

. .do 

4 




1 hiiiii 2 S 

I July () and 18. , 

, July 23. . 

2 

0 

It: 

B-2 

2 jjtily q unci 

.3 ....’.do 

. . . .do 

4 

0 



1 July' 13. 

[ I ^ July 13 (dis- 

Julv iH : 

5 

TOO 



2 ' June 24 

1 p e r s a 1 by 

Juh' q). 

and Aug.; 






; t Hill rCMTIDVod 





1 

1 i 




Further data on aphids will be given in connection with interspeeiK 
transmission. 

Negative current-season results have been reported from transferrin; 
flea beetles, Epitrix cuemneris Harris, in abnormally large numbers froir 
mosaic to healthy plants (40, p. 32^). The progeny of the healthy phini; 
Avere all healthy, Avhereas 65 per cent of corresponding ones treated Avitl'. 
aphids Avere mosaic. 

In 1920, flea beetles again Avere introduced from mosaic plants inti 
field insect cages in large numbers and allowed to feed upon health- 

’ The authors -wish to thank Dr. Hdith if. Patoii of the Atairic Acriaiitural lixperinient Station a.n.i t'' 
A. C. Baker of the Bureau of Kiitouioloi;)-, U, S, Dept, of Ajp-i culture, for frequent idcnti.'ications of aiiiii 
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ants. They also fed upon mosaic and healthy plants in the same cage. 
I some cages all plants were growing in the field soil, with roots and vines 
contact, and in others the healthy plants were potted with only the 
nes in contact with the diseased plants. Controls nnth no flea l^eetles 
[esent were grown. In spite of special precautions, potato aphids 
ere introduced with the flea beetles into some cages. The exclusion 
aphids is a difficulty also experienced by others (jp, p. The 

It a have l^een presented in Table 1 . No current-season symptoms were 
anifested. ITie second generation had mosaic only in the progeny 
the hills inoculated by aphids. 

In tliis experiment (Table I, Scries 4) attempts were made to test the 
)ssibility of transmission by larvae of flea beetles. A healthy Green 
oiiiitain plant was caged and outside its cage a mosaic plant w’as grown 
irtlv caged, and subjected under the small cage to severe infestation by 
ja beetles. The infested part w^as badly damaged but no flea beetles 
Ecrged at any time outside the large cage, whereas introduction of 
rge numbers of this species into other large cages was followed later in 
je season by tlie emerging of a second generation numerous enough to 
teletonize the laves. It seemed that the flea-beetle larvae feeding upon 
le mosaic plant did not travel far ciiougli to reach the’ next hill. No 
Iccls were evident in either generation. 

In 1919, experiments w'ere performed with Colorado potato beetles, 
,<piino((nsa deccinlincata Say., as wdth the flea beetles, with similar 
egalivc results in both the flrst (40, p. and the second generations, 
lii.s Ijeelle does not move from plant to phmt as much as docs the flea 
pcslc. Its feeding habits result in more complete destruction and less 
^oiindingof the tissues. Although larger, its individuals arc less numerous 
b the early part of the season when the plants are small. Altogether, 
t would seem to be less liable to prove a carrier than the flea beetle. 

j LEAF-ROLLING MOSAIC 

I The symptoms of “crinkle” as described by Murphy (29, p. 71-74) 
:cm to be applicable in part to a leaf-rolling type of mosaic “ approaching 
)!nc\vhat to the appearance of curly dwarf/’ and in part to “rugose 
losaic” as described later in this paper. The writers here use the term 
leaf-rolling mosaic” as designating a symptom complex that so far has 
[ell irreducible to simpler complexes, and that consists of slight dwarfing, 
iffused mottling, WTinkling, slight ruflling, and rolling of the upper 
laves (PI, 2, B, 2, C, 1), It is different from mild mosaic in respect to 
le distinctness of the mottling, the [iresence of rolling, and the effects in 
^mbination with the spindling-tuber disease, and is similar to it in 
bicciiuusness. The tuber symptoms are a general average reduction in 

E ic. It is distinct from leaf roll. 

liucrvarietal inoculations of Green Mountains will be described later. 
^af-niuLilation inoculations of 10 hills wdthin the variety in the open 
Id in 1922 gave no current-season symptoms, in contrast wdth rugose 
posaic. Inoculations of an apparent combination of leaf-rolling mosaic 
iikI the spindling-tuber disease w^re made within the Green Mountain 
variety iii 1921 in an insect cage. Potato aphids from a “curly dwarf, 
'aguely mottled” hill dispersed and were transferred to a healthy hill 
fliose progeny w-ere curly dwarf in two tuber units and spindling tuber 
n botli these tw'o and in the third tuber unit which was not curly dwarf. 

■ he progeny of the diseased hill which was the source of the inoculum, 
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and of the in()ciilated hill, are shown, in Plate 3, A, B. It seems probal 
Uiat the spindling- tuber disease (p. 55) was introduced Into all tluf 
tubers of the inoculated hill, while leaf-rolling mosaic was introduct 
into only two, botli diseases l:)eing manifested when in combination ; 
mottled curly-dwarf PL 2; 32, PL 13). 

Intervarietal inoculations, described later, transmitted leaf-rolli: 
mosaic alone to Green Mountains (PI. 2, C i). 

RUGOSE MOSAIC 

A type of mosaic much more infectious than mild mosaic, as will • 
shown later, is further differentiated by distinct dwarfing, more chloro^ 
and more diffused mottling, a more rugose type of wrinkling, and a tea,, 
ency to show brittleness, spotting, streaking, leaf dropping, and preiiu. 
ture death (PL i; 3, C, 1; 4, A, i), especially when in combinati',: 
with the spindling-tuber disease. It is equivalent in part to the mediur: 
jdus mosaic of the writers’ previous publications (40, p. 316). The tube 
symptoms are a marked reduction in size. 

The writers believe that most of Murphy’s crinkle {2g, p. 71-74), :: 
identical with the type here designated as “rugose mosaic" with soil: 
leaf-rolling mosaic symptoms included by Murphy. It is probable llu 
the name “crinkle" is more descriptive of this disease in a large numbe 
of varieties, because of the mottling being generally masked, but tL 
facts, first, that there is mottling, and, second, that the masking of mosa; 
is generally realized to be fairly common, make it seem unnecessar}' i: 
abandon here the welI-kno^vn term “mosaic." The symptoms ( 
"crinkle" as given by Atanasoff (4, p. 13-16) include “a heavy mosaidik 
variation in color,” which can serve very well to describe the writers 
“rugose mosaic." This type of mosaic in some varieties (4a) and r. 
some combinations {14) produces an extreme form known as “moa:: 
dwarf." "Mosaic dwarf," however, as suggested by Krantz and Bisb 
{21, p. 7), seems to tlic writers to contain more than one disease or symt 
tom-complex. A current- season or primary symptom of crinkle ;■ 
leaf dropping {jg, p. i3g), which is also a symptom of other degeneratioi 
diseases and combinations. Rugose mosaic is more infectious, or a; 
least more generally conspicuous, than mild mosaic in varieties in th 
Cobbler, Rural, and Rose groups {48) and perhaps others (45, p. 249), arc 
also is more common in southern regions than in northern. 

It is tliought probable that the striking current-season symptoms re- 
ported for mosaic leaf-mutilation inoculations in the open field in 191^ 
(40, p. 320-23) were involved with the rugose type of mosaic. Inter 
varietal transmission to Green Mountains was effected in 1920 and 19:: 

(p. 66). . 

I.,eaf- mutilation inoculations with rugose mosaic were made in tn; 
Orono, Me,, grccnliouse in the winter of 1921-22, in eight hills from foe: 
tuber units. The sources of inoculum were three hills that were progeny 
of field-grown plants with streaking but, in one case, with no mottling, an: 
show’ed d^varfing, mottling, wrinkling, spotting, burning, and leaf droppiiu 
Of the inoculated hills, two showed leaf dropping in 17 days, five in:- 
days, and one in 42 days, and one showed mosaic in the uppermost leave; 
Most of the progeny (17 of i8) of the inoculated hills, when grown inU’^ 
same greenhouse in tlie following summer, were mosaic, completing the con- 
trast to parallel inoculations with mild mosaic where no symptoms a:- 
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[ared in the inoculated hills and where even the progeny of diseased 
ils showed no symptoms during the summer (p. 49) . The eight con- 
ols and 13 of their progeny grown in the greenhouse were healthy. 

A number of leaf-mutilation inoculations with rugose mosaic were per- 
rtned again in 1922, usually with current -season symptoms in the open 
;ld as well as in the cages (p. 76). 

Intervarietal aphid transmission of rugose mosaic to Green Mountains 
ill be described later (PI. 4, A) . 

streak 

Most of die streaking seen by the writers has been associated with 
jgnse mosaic (PI. 4, B, C), but in at least one case the latter -was absent 
Tthat streak (5, />. 50; 29, p. 76-82; 4) may be considered as a distinct 

pup tom complex. The current- season symptoms appear in a certain 
rdcr after leaf-mutilation inoculation, as streaking and spotting, burning, 
ritlleness, leaf dropping, and premature death, with no mottling except 
>r chlorotic spots a few hours previously in the places where streaking 
D(1 spotting occur, and no wrinkling (PI. 3, A, C; 11, C; i2,B). 
Svuiptoms following tuber perpetuation are extreme dwarfing, wrink- 
ng, curling, rugosity, brittleness, leaf dropping, and premature death 
Pl. 6, A, 2, B, i). In this connection a study of other works (29, p. So; 
, p. 16) is interesting. The tuber symptoms are extreme reduction in 
Ize, with some darkening, near the eyes, tliat resembles small initial 
ifcction spots of late blight; Phytopihora ivjesiayis de By. Cracking 
r splitting of the tubers has been observed for streak by Atanasoff 
4, p. 9), as also for curly dwarf and leaf roll by Orton (j2, PI. jj), for 
fellow dwarf by Rarrus and Chupp (7), and for unmottled curly dwarf 
\y the writers (p. 60). 

Inlervarictal transmission was effected in 1921 (p. 69; PI. 3, A, C) as 
)reviously reported (42). These results were confirmed with the same 
nclhods of inoculation within the Green Jlountain variety in 1922, 
iescribed later. In regard to the 1921 report, Atanasoff (4, p. 18-r^) 
writes: 

[ b. Plant juice. Schulz and Folsom claim to have been able to infect potato plants 
kith stipple -streak by means of juice from an infected plant. " In 1921, " they write, 
f'iiiicc from a streak plant applied to 20 mutilated Green Mountain and Irish Ckibhler 
|)iunts caused infection in ig, with typical symptoms appearing in some in 12 days. 

f He then describes inoculations made in Holland “in order to verify 
^his statement’' and concludes it to be “highly improbable that the 
plants infected by Schulz and Folsom have become diseased as result of 
their infection.’’ Some discussion seems necessary here. 

The above quotation (42) should have been completed as follows: 

Sixty control hills in the same tuber units, from quartered tubers, remained healthy. 

The following of inoculation by the disease in 95 per cent of the 20 
inoculated hills, in two varieties, with the absence of both inoculation 
and disease in the 60 control hills, is a contrast more convincing, at 
least to the writers, than reports of successful grafting with all figures 
oiniited (4, p. 20), though the writers l)y no means doubt tlie latter report, 
b is a contrast less impressive than with 100 per cent, or with 95 per 
:.'ent in 2,000 inoculated hills, but is nevertheless significant. 



54 Journal of Agricultural Research volxxv.x. 


Verification experiments are misleading when different methods s 
used. The writers’ method was that previously reported by tht 
{40, p. ^20-26) and included severe bruising of the leaves. The methi 
described by Atanasoff {4, p. ig) introduced a drop of juice intr, 
split stem, resembling the capillary-tube and split-stem methods also 115 
by the writers (p. 74, 83) in 1921 and discarded because of ineffectivene 

Even had Atanasoff ’s method been similar to the writers’ and giv 
negative results, it is well to make allowance for climatic factors. 
live results with aphid inoculations of leaf roll by Murphy (ap, p. 5?) t 
not prevent later proof, and probably w'uuld not have been weighed 
him more heavily than his negative results with mosaic and inso 
(27, p. 62) had he not been emphasizing the soil-transmission thee 
advanced by tlie Dutch workers but later abandoned by tliem. 

After tuber perpetuation, the progeny of tlie plants inoculated 
1921 were used in inoculations described later in the section on “Ino( 
lations performed in 1922,” and tire same positive results were obtairn 
with spotting of the white corollas in addition. 

LE.^F ROLE AND NET NECROSIS 

Leaf roll, as previously described by the writers {41, i j), is characi 
ized chiefly by dwarfing, chlorosis, rolling, uprightness, and rigidi 
burning also is common (PI. 6, C, 2). Phloem necrosis is a microsco 
symptom of great value for positive identification (jp, p. ij2). Leaf i 
is less easily transmitted than any other degeneration disease considei 
in this paper (29, p. 6^). The size of the tubers is reduced. Streakir 
(from phloem necrosis) in tlie tubers (net necrosis) previously rcporlP 
as a symptom by the writers {41, p. 60-74) ^7 tiilbert (r/) and Kass 

(20, p. 52, 6g) has been noted again as a symptom in plants grown in 19:; 
and 1922. This tuber symptom of leaf roll was reported {41, p. 6S\ ai 
being sometimes induced by varietal and otlier factors, but did not neces- 
sitate {41, p. 7j) long storage as suggested by Quanjer (jg, p. 132), an; 
was not a constant symptom as he understood it. The observation! 
made in 1921 on net necrosis are given in a later section (p. 64). 

Inoculations wdthin the Green Mountain variety have been reported 
as giving positive results with stalk grafts and aphids {41, p. 52, 34-y: 
57 ~ 59 )' Inteiw’arietal inoculations like these, and also unsuccessful at- 
tempts to transmit leaf roll by leaf-mutilation inoculation, will be dt- 
scribed later (p. 63). 

In the winter of 1921 and 1922, an experiment on the effect of healtl!' 
potato plants grown in contact witli tuber and vines diseased with les: 
roll (witli insects excluded) w^as conducted at Washington, D. C- TIr> 
test was conducted in the same manner and at the same time as ibe 
experiment on the effect of growing healthy potato plants in contact wi'.r 
mosaic plants. In this experiment nine healthy half tubers were plantcc 
in contact but not grafted with leaf-roll half tubers, while each of the 
remaining six healthy half tubers was planted 6 inches apart from tlii- 
leaf-roll half tuber in the same 10-inch [Wt. Three observations on flit 
vines during the course of the experiment revealed that all vines froii: 
leaf-roll tubers showed leaf roll, while the vines from healthy tuber; 
remained free from leaf roll. Second-generation plants from the healflp 
tubers likewise were free from leaf roll, as microscopic as well as macro- 
scopic examinations disclosed. 
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SPIN DIVING-TUBER DISEASE 

The spindling' tuber disease ( 43 , 44 ) is characterized always byspindli- 
&s and uprightness, and often by a darker green color and slight rugo- 
y. The tubers are abnormally spindling, spindle shaped, cylindrical, 
d supplied with conspicuous eyes, tliese symptoms varying somewhat 
til the variety (Pi. 7, A, 2, 3, B, i, C, i ; 8, A, 2, B, 2, .3^ C, i, 2; 9, A, 
E, I, 2i 10, B, 2, C, in center). A lighter red color obtains in spindling- 
bcr Red Bliss Triumph tubers than in tlic healthy tubers of this 
rictv. This disease is readily distinguished from the mosaic diseases 
the absence of mottling, and from leaf roll and streak. It is about 
easily transmitted as mild mosaic and leaf-rolling mosaic, and there- 
rc loss easily than rugose mosaic and streak, and more easily titan leaf 
pl. It reduces the amount of tuber progeny, but because of the differ- 
Sce in shape it may not be readily apparent that Uie size is reduced 
pinw that of uninfected plants. 

^The spindling- tuber disease of Uie potato has been recognized for many 
fcrs by growers and oUiers by various names, such as “running out,” 
Running long,” “off shape,” “poor shape,” “reversion” and “senilitv.” 
^servations made by the writers on tliis potato trouble from 1917 
^ 1921, in connection witli investigations on mosaic and leaf roll, in- 
Jcaied its infectious nature. If strains free from this malady were 

I [anted near stock with a high percentage of “run out” tubers, a con- 
dcrable percentage of such tubers resulted in a few years. lilimina- 
Du of “run out” tubers by selecting only the good, normal-shaped 
ibers at the time of planting did not produce stock free from such 
rogenv. In fact, in some lots tlie percentage of spindling tubers in- 
eased during this period so that a few lots produced practically 100 
tr cent spindling tubers. Similar selection of well-shaped tubers by 
rowers from stock with a high percentage of spindling tubers, likewise 
as failed to produce stock free from this malady. A part of a strain 
ianted under soil, temperature, moisture, fertilizer, and other environ- 
jeiUal conditions similar to those of another part, with the exception 
lat it was grown nearer spindling- tuber lots than the other, the next 
ear contained a higher percentage of spindling-tubers. Furthermore, it 
as noted that normal and spindling-tuber progeny frequently developed 
i the same hill lot and even in the same tuber unit, just as obtains 
^ Ith mosaic and leaf roll. This was noted by Stew^art {46, PL jo). 
i Accordingly, during the season of 1921, additional selections for study- 
pg the nature of this malady were made. In a field of Green Mountains 
laving less than 1 per cent of spindling-tuber, two lots of healthy hills 
frere selected, one grown next and the other not next spindling-tuber 
pills; similar selections were made in two fields of Irish Cobbler having 

( and T 5 per cent spindling-tuber hills, respectively. Further selections 
C'ln Green Mountain and Bliss Triumph lots in experimental plots 
ere made. In 1922, these dilTerent lots were planted and the percent- 
<c oi spindling tubers noted as indicated in Table III. 

, Tahle III shows that the percentage of spindling-tuber decreases as 
Bie distance from diseased hills increases, and Uiat a higher percentage 
pi iulection^of healthy hills obtains as the percentage of .spindling-(iil)cr 
pereascs. These data also suggest that spindling-tuber may be trans- 
piUcd fully as readily as mild mosaic in conditions apparently as favor- 
able regarding the source of infection, 
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In field 34, Table XXVI 1 1 , the spread from diseased rows was su 
that samples from the first adjacent healthy row gave progeny uf 
6o per cent of the hills diseased, while six samples from more dista- 
rows gave progeny with only lo per cent diseased. 


Tablu III.— Effect of proximity of healthy kills to hills mih the spindlinq^tuber dup^ 


Field. Lot. ! Variety. 


A. 

B. 


C. 

D. 


j 1 . Green .Mountain. 

i 2 , do 

/ I i Irish Cobbler. . . 

'{ 2 do 

I I do 

[ 2 : do 

. ' (ij ; Bliss Triumpli . , . 


Spin- 
dline 
tuber in 
field. 


Percent. 


15 

5 

5 


1^31 

1923 progeny* 

Number of 



1 

healthy hills 

1 

j 

j 

anfi location. 

) Number 

Spin- 1 

I 


i of tuber 

dling i 

!>i 



tuber. 1 


•Ad- Not ad- 

j units. 



jacent, jacent. 

i 

; 


1 

1 

'Percent.^ 

Pe 



47 

30 



40 

0 


10 

' 42 

90 



! 38 

•: 71 ! 


10 

i 47 

: 85 ! 

I-. 


i 5 ^ 

1 <^3 i 


4S ' i 

1 

i 60 j 



Hulk stock contained 10 per cent mosaic in 1921 and 17 per cent in 19:2. 
* N’o spindlint; tuber i:i 1920. 

^ Adjacent plot. Also too per cent mosttic. 


McasuremeDls were made of a number of lots of tubers grown in 19:: 
using a slide caliper of special construction duplicating one devised 1 
F. Krantz, of the Minnesota Agricultural Experiment Station. Tl 
longest dimension parallel to the structural axis of the tuber was cb: 
sidered the length, while the greatest and least dimensions perpend in;] ■ 
to the axis were called, respectively, the wddth and depth. Each !' 
consisted of tubers taken at random from the top of a barrelful that lu. 
been picked up by chance in the field. Wlien each tuber was measurd 
a record w*as also made of the presence or absence of spindling-tuU' 
symptoms. The results of measuring several Green Mountain lots a:: 
summarized in Tables IV, and VI. The first three lots in each tali- 
i-onsist of diseased tubers, but they were selected in three successiv: 
years, respectively. Their similarity in the correlation tables (Table IV 
and in the ratios calculated for L/\V (length/width) and W/D (wddii^ 
depth) in Table V show how persistent the dimensional characteristics 
when once the disease has entered the tubers and reduced their widt.^ 
their similarity being more significant for \V/D than for L/W. Tf 
fourth and last lots, from two different strains, are both healtb; 
and are much more alike than diseased and healthy parts of the sair.; 
strain or even of the same 1921 plot, especially in W/D. The fifth au; 
si.xth lots, grown in the same 1921 plot, are similar although grownp: 
two types of soil, having about 40 per cent of the tubers diseased, aiL 
are midway between healthy and diseased lots in dimensional char- 
acteristics. It is clear, therefore, that there is a high correlation betweer 
mechanically determined dimensions and diagnosis of the spindling 
tuber disease from tuber symptoms, even when this diagnosis was mao 
one or two years previously. Mosaic as well as soil had no apparcc: 
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Table V. — Dimensions of tubers of Grcerv Mountains groucin in ig 2 i 


plot Xo, 

Strain. 

Description rrf lot 
measured. 

Number 
of tubers. 

Diseased 

with 

spindling 

tuber. 

Ratio ot ; 
length/ 
width 
(L/W).i : 

Rat in 

Wi(Jt;; 
di-pb 
(\V b 

CT-j.S,,.. 

L,K, secured ia 

Spindling tubers selected 


Per cenl. 

I. 722i.oi7 


cr-iy... 

r;i6 as mosaic- 
free, 

do 

in winter of 

Spindling tubers selected 



1.863^.017 


Y-ftli . 

LK. selected in 

in winter of 1920-2 r. 
Spindling tubers selected 



■ i.658±.oit 

1 !• * 

v-.',a ... 

ly [6 as mosaic. 
do 

in winter of 1921-22. 
Healthy tubers selected in 1 


1.213±.0I2 

I- Ji5i. 

CT-ij.... 

: UK, selected in 

winter of 1921-22. 

Grown on Caribou loam in 

i 

40 ' 

i-54oi-oa3 

I.2.):i 

CT-13.... 

1 1916 as uiosaic- 

1 free. 

j 

1921. 

Grown on Washburn losra 

j 


I-54t±-OJ» 


MSS-S4.. 

' a 

V. i 

fo 

.57 j 

I-302±.0I3 I 

i-j-:-. 

' Calculations were jicrJoriiic 

1 by ilie Biology Department, >.riine Agricultural Experiment Station. 


TaclG VI. C ompanson of plots oj Table V , giving digerencchebi’eenmeayisaniprohii:, 
error of differenccf also ratio between difference, and its probable error 
r.HVC.TK/WinTH 


CT- 


Spiadlinc- 

tuber. 


Y-5B. 

Heahb>'. 


MSS-S 4 . 


CT-n 

Wash')i:-r 

loaiii. 


CT-28 ’ 

.i4i±. 024 

1.064 + . 020 •' 0 t)J;.O 2 T 

! .420±. 031 

DifTcrencc/P. E 

(6:1) 

1 (.Vil (24:1) 

(21:1) 

CT-2g 


!. 20 ^d:,C 20 .650^.021 

.36i±. 021 

biffcrencc/P. It 


! [10:1} (31:1) 

(27:1) 

\-6]}. Spindlinj]j tuber,; 


■44^ + - 076 ^ 

.356^.017 

DiHereuce/P. E 


^ (28:1) 

(2i;i) 

Y-6li. Healthv 



■ oSoi. 018 


(5:1) 

CT-i t . Ctiribou loam 



Diflercncc/r. K, 



WIDTH/DEPTH 


CT-28 001 ±. on 

DifFercnce/P. E (1^“) 


CT-2(J , 

Differcnce/P. E 

Y-6B. Si)indlini; tuber, 

DifTcrcncc/P. E 

Y-6H. HculUiy 

DiEercncc/P. E 

CT-13, Caribou loam. . 
DiEcrciico/P. E 


.0231. 010 1 .197-fc. on 
(2:1) I 

.022±. on 1 .196T:. on 
(2:1) j (18:1) 
;.i;4±.on 

j 


. 206 ±. 012 
(17:1) 

.205 + . 013 
(rb:!) 
.i83±. 012 
(i5:r) 
.oo9±. 013 
( 1 : 1 . 5 ) 



* Calculated as the .square root of the .iuiii.s of t!ie S(iijaTes i>I the jrrubable errors of the means. 

Further infection experiments including inoculation with leaf niiitih- 
tion, tuber and stem grafts, and aphids, were initiated on plants in tb? 
greenhouse and in cages in the field, as well as under open field conditioiif 
The procedure in these infection tests was similar to those observe- 
with such operations in connection with the writers’ studies on mosah 
and leaf roll of potato. The results of these experiments are presenter 
in Table VII. 
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The data in Table VII indicate that infection with spindling tuber u: 
obtained with tuber and vine grafts, leaf mutilation, and aphids. ; 
inoculation Scries i and 2 the reaction of the second -generation progtc 
is represented, which in part accounts for a higher percentage of success! 
inoculations than in the remaining series. No doubt the second-generati. 
progeny in Series 5 to 7 will show a higher percentage of infection thi 
the first generation, since with spindling tuber as with mosaic and le 
roll, initial infections contracted late in the development of the plants; 
the first generation will not produce visible macroscopic symptoms ■ 
the same generation. Additional evidence on infection with spindijj 
tuber by aphids is disclosed in Table XVI (inoculation No. 5, 8, 13, ar 
14) and by means of leaf mutilation in Tabic XVIII. 

UNMOTTLED CURLY DWARF 

Curly dwarf, described by Orton (j2, p. 37-40), seems to be in part, 
least, a combination of two or more degeneration diseases, as has btc; 
suggested by Murphy (29, p. 6g) and by Quanjer {59, p, r 27-125). 
will be considered as such in the following section of this paper. How 
ever, a symptom complex here designated as nnmottled curly dwarf , 
Green Mountains, has remained too true to type for three years to ir 
considered yet as a combination of diseases, although it may eventual! 
be demonstrated to be such. It consists of pronounced dwarfing, spi: 
dliness, dark green color of the foliage early in the season, wrinkling 
rugosity, slight ruffling, curling, some rolling, uprightness, brittleiits! 
burning, somewhat premature death, and spindling, gnarled, and crack 
tubers (Pi. ii, A, B, 2, 3, 5; 12, A, i). It may be the result of ICc 
rolling mosaic and the spindling- tuber disease together with the mot: 
ling of leaf-rolling mosaic masked by the spindling-tuber disca- 
If so, the combination known as “mottled curly dwarf” would appe.: 
to be the same with the addition of mild mosaic, an assumpton that :: 
hard to accept in view of the fact that the tubers are not so small ari 
cracked in “mottled curly dwarf” as in “umnottlcd curly dwarf.” 

Teaf-mutilation inoculations were made in the open field in 19:: 
Inoculum was secured from an unmottled curly-dwarf hill and intr' 
duced into the second and third hills of each of four 4-hiU tuber uni:' 
The symptoms appeared first in 192 1, and again in 1922 in the open lid 
and in the winter of 1921-22 in the greenhouse, always as unmuttli: 
curly dwarf. Intervarietal transmission with aphids will be describe! 
later. 

Tcaf-mutilation inoculations were made in the Orono greenhouse in f.!:-: 
winter of 1921-22 in six hills from three tuber units. The two progenv 
of one of the inoculated hills showed the same symptoms as the iql 
field symptoms resulting from the 1920 inoculations, even to the gnarlici 
and cracking of the seven spindling tubers. However, the percentage ■ : 
infection was much lower than for rugose mosaic in a parallel series 0 
inoculations (p. 52). 

COMPARISON OF DISTINXT DISEASES 

The several symptom complexes, presumably different diseases cauH'- 
by distinct though somewhat similar viruses, that have been previmid' 
considered in this paper may be compared in Tabic VIII. There - 
symptom is to be considered as absent if not noted for a disease. Tk 
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ractcrization given is typical of Green Mountains in northeastern 
ne and does not include variations due to environmental factors, 
fee of maturity, and current-season inoculation. It may be pointed 
here that Quanjer {39, p. 140) suggests tlie possibility of viruses 
pting themselves to new varieties, and that this in turn ’suggests die 
stion of change of a virus in the same variety leading to new symptom 
[plexes somewhat related to the old, as arc streak and rugose mosaic 
■cut-season symptoms, mild mosaic and leaf-rolling mosaic, curly 
irf (combination of leaf-rolling mosaic and spindling tuber) and 
lot tied curly dwarf. Also, a varietal modification of a virus if occur- 
might be permanent even when the virus is returned to the variety 
Hiiuiliy affected. It may also be suggested that different viruses or 
pal agents may account for the differences in symptoms. 

i 

irn VIII . — Symptoms and transmission of degeneration diseases oj potatoes in the 
I Green Mountain variety 


^ ■ - 

lif disease. 

Sire. 

Slemte.stuTC. 

Color. 

i.eal texture. 



Slight dwarfing 


Distinct mot- 
tliiig. 

Tenderness 





h 

i Distinct dwarf- 
ing. 

Severe dwarfing 
after tuber 

perpetuation. 

Brittleness. . 

.do 

tliiig. 

Mottling and 
slight chlorosis. 

Slight stifTiicss. 

' Tenderness after 
tuber peri Kin 

I at ion. 

1 - 

Distinct dwarf- 

Rigidity .... 

Chlorosis 

’ St ill and loath - 
: ery. 


unin,;- tuber Spindling Dark green early I Slight stiffness 

Be.ise. in season. | 

Ooulcd curly Severe dwarfing Brittleness, f do I do , 


Wrinkliiik;, riil- 
tlinp. _ 

Wrinklinc, nil- 
flinjj, rolling. 


111)1, and rtijjos- 
iiy after tuber 
iH'rpetiiatioii. 


Sliolit riitaisity 
early in season. 
WrinklitiR. ruf- 
flinc, rolliiic. 
ourlini;, riiRos- 


Necrosis. 

Tuber symptoms. 

' Transmission dcnn 
st rated.' 



: Grafts, aphids, a 
i leaf mutilation. 



Aphids. .... 

Varying; more 


Aphids and leaf im 

streaking from 


1 at ion. 

current - season 
inoculations. 



Streaking, spot- 

; Browning near 

Leaf mutilation . 

ting, leaf drop- 

' eyes. 


piiig, premature ' 
death. ' 

Burning 

Streaking (net no- 

; Crafts and aphids; 1 


cra;as). 

mutilHlion uii.s 
cessfiil. 


Spindling 

Grafts, aphids, a 
leaf Diutilatioii. 

Burning, stem 

Spindling, cracked- 

. Aphids and leaf ini 

streaking. 


1 lation. 


: in ter varietal transmission into Green Mountains, as dcscribwl in this paper. 


COMBINATIONS OT DISEASES 

rA\ hen a certain symptom complex contains the s\'iTij>tonis of two or 
jorc of the several distinct diseases described in the preceding pages, 
id is associated with them, diagnostic evidence is therefore present, 
dicating that the former is a combination of the latter. Analytical 
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evidence of such combinations has been obtained, consisting of r- 
results of inoculations in which one or more of the combined disea^! 
arc transmitted separately to new hosts of the same variety. Si,. 
evidence easily discloses a more infectious disease in the combinatj;. 
but a less infectious disease will seldom be separated analytically 
others not more infectious. Synthetic evidence, obtained by inoculf 
ing in such a way that new diseases are introduced into diseased pla^ 
or so that diseases are combined in healthy plants, is difficult to seci;- 
except where transmitting insects are controlled, especially when t 
eases are involved with a long incubation period and a consequent ini- 
quency of current-season symptoms. 

There are many theoretically possible combinations of the several c^. 
eases that have been discussed. The number of actual combination^ 
observed by the writers has been reduced from the theoretical numt 
by several factors. In northeastern Maine, leaf roll is rare in nat: 
stocks and often decreases or disappears in infected stocks. Many 
binations quickly cliniinatc themselves by their excessive reduction 
tlie yield and by causing premature death and thus reducing the chati;: 
for insect transmission. Varietal susceptibility also seems to be of in::, 
ence. Furthermore, without synthetic evidence it may be assumed ih 
the results of some combinations may be a masking of some of the syc 
toms of the separate diseases entering the combination. It is posje 
for the writers at })resent to show only the general significance of 
princijjle that combinations of degeneration diseases may exist. 

The writers, even with the limitations just previously set forth, hs. 
seen symptom complexes that evidently were combinations of disea^ 
Double combinations are more easily diagnosed than triple combir.. 
tions. Several combinations are given in Table IX as having bi-: 
observed by the writers. Combinations are given by Murphy (29, p. y 
Oiianjer (39, p. 12S), and Gilbert {17). 

Taglr IX, — ('omhinafions of degeneration diseases thought to have been obserit. 

Green Mountain potatoes 



iLjiloms □( rugese 
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ts reported previously (47, p. 54-55), in 1919 aphids were transferred 
n a plant with both mild mosaic and leaf roll to tliree healthy hills 
Lii insect cage, and a higher percentage of the progeny were leaf roll 
per cent) than were mosaic (57 per cent). As is sho\\ii in Table U 
ids from hills both mild mosaic and spindling-tuber, with contact 
1 those hills, resulted in mosaic infection of two hills, spindlim- tuber 
ction of two hills, and m no infection of a fifth hill. As described 
page 51, aphids from a “mottled curly-dwarf" (or spindliucr tuber 
rolling mosaic) hill infected a hill in an insect cage partly with 
ly dwarf and partly with the spindling- tuber dist^ase alone (P! - 


IcLl'SIONS regarding TRANSMISSION AND DIAGNOSIS IN THE GREEN 
MOUNTAIN VARIETY 

kithin one variety in a given time and place, it has been possible to 
liiiginsh diagnostically several degeneration diseases of potatoes 
hirnng both singly and m combinations. Tliese several <lc<Tencration’ 
|ases can be studied to advantage by means of inocularions \viih 
Bis, aphids, and the Icaf-mutilation method. In this wav farther 
fciictions can be made between the more similar diseases such as the 
les of mosaic, and combinations of diseases can be divided Tlie 
jie inetliods have been used in Minnesota in this variety in “mosaic- 
fan ’ inoculation by grafting, leaf mutilation, root contact and cxdo- 

f lo insect dispersal from diseased plants, with similar results positive 
])t with root contact {21, p. i_^~22), 

Lnsmission and diagnosis within varieth^s other TH \N 
I the GREEN MOUNTAIN 

(t IS thought tliat the several diseases described in the j}recedin<^ pages 
^meen Mountains are present also in other varieties. Asstimim- that 
niay be x anetal modification of symptoms, as will be showrr later 
^tlns paper to be possible, intervarietal inoculation is necessary for 
Iclusive proof tliat a symptom complex in one variety is caused bv 
f same virus as a symptom complex in another variety. However 
E thought that leafroll and the spindling-tuber disease can often be 
i-ecily diagnosed outside of Green Mountains without intervarietal 
culations. 

:n 1920, as is described partly in a previous paper (./r, p. 5^), leaf-roll 
cii a lions were made on Irish Cobblers inside of insect cages by means 
gmumgy leaf mutilation, aphids, and contact. The progeny were 
icrve l in 1921 with the data given in Table X. It is clear that 
'in^, jiid aphids were the only effective means employed, and that 
iius were not as effective as with mosaic in the same season (Table 
co.Tesponding leaf-mutilation inoculations in Uie oiieii field in 
li each of 12 four-hill tuber units, gave negative results in 

nerations. Kasai {20, p. 66) describes reduction of leaf-roll 
Uniination by the use of field insect cages in Japan. 

Irw inoculations were made in the Orono greenhouse 

n 1921-22 in Irish Cobblers, with rugose mosaic, 

d umu ^ ^ combination of the two. The four hills iiiocu- 

rugose mosaic showed leaf dropping in from 25 to 50 days, 
progeny were mosaic, witli leaf dropping. The four controls 
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in the same two tuber units were healthy, as were their 4 progeny grr, 
in^the'greenhouse. Two hills had the combination of leaf roll and ru?, 
mosaic. One of these lived longer than the three hills with ru^, 
mosaic alone. The other was used as a source of inoculum for 
mutilation inoculation of two hills which showed leaf dropping in 
and 50 days, respectively, but whose 8 progeny were healthy, Inoc^ 
tion with leaf roll alone in four hills of two tuber units gave negat 
results which persisted in the 14 progeny. The designation of rur 
mosaic here in Irish Cobblers is based on the results of parallel inV 
varietal inoculations to Green Mountains. 


TadiR X.— Leaf-roll inoculaiions of caged Irish Cobblers in igio 


Inoculation. 


Method. 


Hills. 


Proeeny, i-,- 


Ttiber i.e. 

units. ri. 


1 • ('rHifting stalks 6 29 , 

2 None, in cages nf Series i . . . g 

3 ' Leaf mutilation . . 4 24 ’ 

4 Aphids and full contact 6 ■ 39 

5 Aphids g 51 i 

6 luill cont.'ict , , , 6 : 23 


7 None, controls li; Scries 3, 4, and d, 


Inasmuch as hill selections in 1919 gave rise to leaf-roll progenv 
1920 (when made next to leaf-roll hills) witli a tendency to show e:- 
leaf roll and net necrosis with greater tuber weight {41, p. fi), siiifi. 
hill selections were made in 1920. In Green Mountains, only 7 perct: 
of 183 progeny were leaf roll and 2 per cent net necrosis. In New \W 
Hebrons, 28 per cent of the progeny in 1921 were leaf roll and 22 pcrct 
were net necrosis. The relation to tuber weight is shown in Table I 
There was again an increase of each disease with an increase in XC. 
weight. 


Table XI . — Correlation in AVo; White Hebrons in IQ^I, beliveen tuber Height. '■ 
necrosis, and leaf -roll infection, at the lime of planting ^ 


Til her weight. 

N mil her 
of tubers. 

Net 

necrosis 
in tubers. 

Leaf roll 

Ouna^s. 

1 

8 

Per cent. 

0 

Per cent. 

0 

I tu 2 

IQ 

5 

II 

I to 3 

1 29 , 

' 10 

17 

I tu 4 

1 3^ 1 

14 

32 

I to 5 

A2 i 

14 

21 

I to 6 

47 1 


21 

1 to 7 

52 ] 

19 i 

2‘ 

1 to S 

j 

54 i 

32 j 

1 

28 


* Lcil-roll iufoction in tubws was ascertain«i from the appcarauce of their plant progeny in tlK'**' 
part of the jeasuu. 
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[TFRVARlETAr. TRANSMISSION AND VARIETAD MODIFICATION OF 
' SYMPTOMS 

|obser\’ations by tlie writers, made largely of plants grown or fur- 
shed by the Office of Horticultural and Pomological Investigations, 
died States Department of Agriculture, have disclosed a great varia- 
in in apparently diseased plants in the many commercial and seedling 
Iiietics available. Many of tlie observations were made on an uii- 
■aved plot, maintained for the study of resistance to late blight, 
yiophthora infesians deBy,, where mottling was not masked as much 
in frequently sprayed fields. Here, both in 1920 and in 1921, there 
such differences between the lots and between the hills of a given 
, as well as between the symptoms observed on one date and another 
the same hills, that it seemed probable that there existed varietal 
^ ceptibility and varietal modilication of symptoms. The question of 
ie existence of such modification has been considered in experiments 
olved with natural uncontrolled field infection, with inoculations in 
held, and with inoculations in the greenhouse. 

GENERAL OBSERVATIONS IN THE ElEED 

I n 1919, small lots of different varieties wxre grown in rows alternat- 
with rows of mild mosaic Green Mountains. As the result of in- 
Lion in 1918, all the 6 Triumph lots and 12 of the 14 Green Mountain 
; thus planted w^ere mosaic in over 19 per cent of the hills and were 
;ardcd. The other 2 Green Mountain lots and i lot each of three 
cr varieties in the same group (^t?) — namely, Carman No. i. Gold 
n, and Noroross — contained no mosaic in 1919, but were sufficiently 
.‘cted, presumably by insects from the alternating mosaic row^s, to 
c 48 per cent in the Gold Coin lot in 1920, and from 70 to 87 per cent 
the other lots. Twenty-one lots representing the Cobbler, Early 
■liigan, Rose, Early Ohio, Burbank, and Rural groups were grown in 
same plot in similar alternation witli mosaic Green Mountain rows. 
1 of these, consisting of some of those from the Rural group, w^ere 
.arded in 1920 for lack of room, when they show^ed no mosaic. The 

I were growm between Bliss Triumph mosaic rows in 1920, and by 
b2i, after tw'o years of alternate-row^ proximity to mosaic plants, showed 
foni none to 12 per cent mosaic. Either the Green Mountain and 
friumph groups were much more susceptible to mosaic, or they dis- 
payed different symptoms from the other groups mentioned. 


\ INTERVARIETAE INOCUEATTONS in the EIKEO 

; Results previously reported consist of the transmission of mosaic 
probably the rugose type) by leaf mutilation with current-season 
^■mptonis (1919) from Bliss Triumph to Green Mountain, from Irisli 
rO]j|>ler to Green Mountain and to Bliss Triumph, and from Green 
tff'unfain to Bliss Triumph and to Irish Cobbler {/fo, p. 324-26). The 
►rt'geny of the inoculated hills w^ere all “mosaic or mosaic dwarf” in 
<;-o— that is, infected with mild mosaic or rugose mosaic and com- 
«!Kitions. As indicated elsctvhere, the presence of disease in the second 
Pason, following inoculation in the open field with insects uncontrolled, 
ften is not significant because of the controls having also contracted the 
jscase from the neighboring inoculated hills. That was the case here, 
h'twing that sometimes observations on the first generation in an ex- 
•CTinieiit, including the controls, are more valuable than those on the 
foond generation. 
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mocuunoNs performed in 1920 

In 1920, leaf -mutilation inoculations were perfoniicd without a: 
effects appearing before digging time, but some effects from the inoci:;;. 
tions were apparent in 1921 in the second generation. The tubers 
split in two and planted as two-hill tuber units. In 69 of the 90 seri* 
the juice was obtained from mosaic Green Mountains while the inoc:, 
lated plants were mostly of different varieties in the Ritral, Cobbler, ar,; 
other groups, a few being Green Mountain controls. Progeny of thci 
inoculated plants were diseased, with mosaic er curly dwarf, in 24 of ;; 
tuber units, or in about 6 per cent, and progeny of the controls iti ; 
509, or in about i per cent. This difference is not very significar 
especially since the diseased units were not grouped in correlation wi*. 
any condition of inoculation. In 21 of the 90 inoculation series ':;i 
inoculated plants were Green Mountains of a certain strain while the 
or inoculum was obtained from other varieties except for a few Grot, 
Mountain controls. I'ive of these undoubtedly were successful i: 
producing infection, and all are considered in detail in Table XII. Hc: 
it must be remembered that the terminology was more general regardi:; 
diseases than at present. The controls were hills in the same tuber mr, 
as the inoculated hills. 

It is noteworthy that the stocks which served as the sources 
inoculum in Series 5, 14, and 17 apparently recovered from mosaic;: 
1921. This apparent recovery was noted for other stocks, both by t:.: 
writers in strains all mild mosaic for several years previously and i 
seed-certification officials over several Stales, and is to be attributed • 
seasonal modification or masking of symptoms. It will be discussr: 
more fully later. It is probable that mild mosaic was not apparer. 
even when the virus was present. 

Inoculations in Series 5 and 8 were successful in inducing “mosaic 
(proliably not of the mild type) with symptoms in the progeny of .sli^d:: 
dwarfing, .sHglit wrinkling, slight burning, and mottling or chlorosi; 
Inoculation Series 2 and 16 would be considered successful also it \h 
controls were healthy. Possibly the controls were infected by insect 
from the adjacent inoculated plants. Inoculation Series 3 and 4 ^\c:: 
partly successful, being performed under control (insect-cage) condilioc; 
as a duplicate of Series 2. Inoculations in Series 7, 19, and 66 wer; 
successful in inducing “curly dwarf/' with symptoms consisting i 
niarked dwarfing, ruffling, curling, brittleness, stem streaking, an: 
burning (PI. ii, A, B, 2, 3, 5; 12, A, B). Disease appearing in 1921 i; 
a mosaic was thus induced in Green Mountains by inoculation wiu 
juice from mosaic and curly-dwarf plants of the Rural type, and cuTi; 
dwarf was induced with juice from dwarfed and wrinkled Netted Gem' 
curly-dwarf Green Mountains, and curly-dwarf Irish Cobblers. The 
third generation of representative parts of Series 8 and 19 were grov: 
in 1922, a season unusually favorable for tlie detection of mosaic ixiee- 
tling. Series 8 contained leaf-rolling mosaic, rugose mosaic, spindlin:; 
tuber disease, and various combinations including mottled curly dwa:: 
in the majority of the tuber units, with the controls mostly heal fit} 
Series 19 consisted almost entirely of unmottled curly-dwarf plaaif 
(p, 60), with the controls mostly healthy. It is to be concluded that the 
open-field leaf-mutilation inoculations in 1920 at least transmittes; 
rugose mosaic, a combination of leaf-rolling mosaic and spindling- tuN: 
disease, and unmottled curly-dwarf. 
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During the same season, in each of nine field insect cages (No. i to 

9 of Table XIII), a Green Mountain plant was grown between two plants 
that were of another variety and that apparently were diseased. Cages 

10 to 14 contained comparison inoculations from mild mosaic Green 
Mountains. In June, potato aphids were transferred from rose bushes 
(;; 5 ) to healthy potato plants (in entirely healthy tuber units and caged) 
and in July from these to the cages used in this experiment. The aphids 
were allowed to disperse freely within tlie cages. Sister hills in the same 
tuber units were growm under separate insect cages as controls, and were 
not inoculated. The results are given in Table XIII. It is of interest 
that inoculations i, 2 and 5, were successful in inducing mosaic in the 
progeny, although tlie source of the inoculum was curly-dwarf plants. 
Furthermore, inoculations i, 3, 4, and 6 in the insect cages (Table XIII) 
were, respectively, duplicates in a measure of the open-field inoculation 
Scries 8, 9, 10, and 18 (Table XII). That is, the source of tlie inoculum 
in each pair of corresponding inoculations was tlie same stock of potatoes. 
The first of these four sources yielded inoculum that was ineffective ivith 
either method of inoculation, but not the others. This indicates that 
it was tlie nature of tlic inoculum rather than tlie method of inoculation 
that determined the success secured in the attempts at infection. Tlie 
recording of more mosaic in the progeny of the caged hills tlian of the 
open-field hills is correlated with more frequent examination, made 
desirable by tlie limited number of caged hills and the expense of cage 
experimentation and possibly witli more favorable conditions for infec- 
tion the preceding season. Even so, the symptoms were not very distinct 
or extensively distributed over the plants. 

Further open-field leaf -mutilation inoculations were made in 1920 with 
the inoculum taken from leaf- roll Irish Cobblers to Green Mountains in 
two hills of each of six four-hill tuber units, with negative results in both 
generations. 

IXOCULATIONS PERFORMBU IN I92I 

In 1921 the leaf -mutilation method was used again with inoculum 
obtained from several sources. The inoculum in each series was applied 
to two or more varieties, and with the exceptions of Series i and 7 was 
uiirenewed — that is, the juice was expressed from a certain group of 
shoots at one time. 1 he inoculated plants were in rows of 1 1 four-hill 
tuber units. One hill in each unit was inoculated with juice from mosaic 
liiiss Triumph plants and another with juice not alike, in regard to source, 
for two rows of any one variety. The date of inoculation was from 
July 4 to July 9, except for Series 6 and 8, for which it was July 1 9. Addi- 
tional data are given in Table XIV. The current-season symptoms 
make it evident that the inoculum used in Series i to 5 was very infective 
and injurious, while that used in Series 6, 7, and 10 was apparently with- 
out effect. In general, the effects of inoculation in vSeries i, 2," and 3 
were similar, being those of rugose mosaic in the upper jiart of the plant, 
'rith the mottling fading, as often occurs, into diffused chlorosis with 
greater degree of maturity (PI. 12, C). The effects of inoculation in 
-cries 5 were different, being those of streak in the upper part of the 
plant (PI. 5, A, C) . Senes 4 gave effects of both rugose mosaic and streak. 

I he second-season symptoms in 1922 arc also noted in Table XIV. No 
distinction was attempted between the progeny of inoculated and unin- 
oculated hills as to the spindling-tulier disease in any of the three varic- 
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tics or as to mild mosaic in Green Mountains, for reasons given in th^ 
footnotes. It was obvious that rugose mosaic had been transmitted tr, 
all three varieties from Rurals, and from two seedling varieties to two 
inoculated varieties (Series i, 2, and 3), and that streak and the streal 
combination with rugose mosaic, after transmission and tuber perpetua- 
tion, were much worse in their effects than rugose mosaic alone. 
roil was not transmitted, beaf-rolling mosaic from the Rurals {Series i 
was combined with spindling- tuber disease, giving mottled curly dwah. 

The conclusions from this experiment are that leaf-roll was not tranj- 
missible under the prevailing conditions; that mild mosaic and spindliiii;- 
tuber disease were present and uncontrolled; that leaf-rolling mosaic 
was transmitted from curly-dwarf Rurals in combination with rugose 
mosaic and possibly with spindling-tuber disease, being combined with 
the latter in Green Mountains to form mottled curly-dwarf; that rugose 
mosaic was transmitted from four dissimilar symptom complexes k 
three varieties; and that streak, both alone and with rugose mosaic, v,-a> 
tratisrnitted and was perpetuated by the tubers, with effects in ihc 
second generation similar for the single and combined state and at Dje 
same time unlike the effects in the first generation. 

Several other interesting facts may be noteworthy. In a number k 
tuber units (Table XIV, rows i-B, i-D, and 2-J), mosaic was perpetuated 
by the seed tuber and was present when a more severely injurious disease 
was introduced to some of the hills. The inoculated hills (not described 
in Table XIV) became different from the others in these units after the 
incubation period, and the original mosaic symptoms were somewhat 
obscured. In Series i and 3 the Irish Cobblers showed fine or smaii 
spotting, but not the Green Mountains. Such spotting is common on 
Irish Cobblers which are found diseased as the result of natural field 
infection, presumably following rugose-mosaic transmission by insects. 
In Series i the Rurals showed streaking which was not in the other 
varieties, but they were inoculated with juice taken two days later from 
different hills in the same lot, so a different virus may have been 
present. Variation in completeness of symptom complexes in the same 
row following the introduction of the same inoculum was observed, a? 
described in Table XV. Such variation may be due only to differences 
in the size of the plants at the time of inoculation, and therefore be dne 
to the leaf-surface conditions of inoculation rather than to differences 
in the inherent nature of the plants. 
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Tavi.e XV. Symptoms of inoculated kills of rou'S i-o and i-H of Table A'/i 
Axigusi 2j 
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In connection with the preceding experiment, duplicates of manv 
the leaf-niutilation inoculations were made with capillary plass hk 
hroni three to hve of these tubes were filled with the juice and insert- 
into each shoot m the leaf axils (PI. 13, B). This method was elTecti'. 
only m the rows corresponding to i-O, 2-O, and i-J (Table XlVh an 
ere only in a few hills, with symptoms appearing later than in the ca; 
0 Icat mutilation. Apparently, transmission is too difficult with th 
method to be dependable, at least in comparison with the leaf*muti!aii. 
method. 


Lo^esponding inoculations of caged Green Mountains and Iri^ 
Gobblers with potato aphids, with contact of roots and foliacre wc 
made 101921. Six tubers of each variety were quartered. The quark- 
trom each tuber were grown, respectively, in cages of four series-in- 
no inoculation, with inoculation from mosaic Green Mountain liii" 
with inoculation from curly dwarf hills, and with inoculation from nr-: 
eny of streak hills. In the first series there were three healthy plan: 
in a cage,_m die second there were two healthy and one diseased in 
cage, and in the two others one healthy and two diseased. The aphi: 
were transferred to the diseased plants and in turn reached the healt:;' 
plants 111 the same cages. The latter were planted somewhat later diai 
the former so that they were still small when aphids were numeron 
enough to disperse and to lie transferred artificiallv. Some of 
diseased plants in the streak series were removed on account of tlie ar 
pearance of ^mottling and the cages used for other experiments T;ii 
experiment is described further in Table XVT 
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“ Mostly a-hill tube ''inits. Caged and not inoculated. e Of the Rural type when observed as healthy hills in the i 
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Current-season symptoms appeared in some of the cages in which • 
disease present was curly dwarf (inoculation Series i and 2, Table X\ 
and in one of the cages in which the disease was mosaic (No. 14), result; 
in mosaic in the upper leaves. Mosaic also resulted from No. 12 in wb; 
the symptoms were dwarfing, chlorosis, rugosity, and burning, h 
No. I r in which there were dwarfing, brittleness, rugosity, and bumi: 
and from No. 7 in which there were dwarfing, leaf dropping, and premat; 
death. However, in No. 11 the final effect was mosaic-dwarf, and.. 
No. 7 it was a combination of mosaic and streaking. Inoculation «-| 
effective in the Irish Cobblers only in No. 1 1 and 7, the results 
similar to those in the other variety except for the absence of mo.saic:^ 
No. 7. 

The second generation was planted in the open field and the symptfr, 
are also given in Table XVI except that all the inoculated Irish Cobbic 
were spindling tuber and likewise the controls in this variety, r, 
Green Mountain controls were all healthy. It appears that the moot 
tion of Green Mountains resulted in the transmission of leaf-rolling mesi 
in No. I, 2 (PI. 2, C. I,), and 3, from curly dwarf Riirals; of rue;,:: 
mosaic in No. 7 from dwarfed seedling variety 39496 (PI- 4, A) ; of spiiifllii:: 
tuber disease in No. 5, 8 (PI. 3, R, 1) and 13 from spindling-tuber Grci 
Mountains and Irish Cobblers ; of mild mosaic in No. 5 from mild 
Green Mountains; of immottled curly dwarf in No. 4 from Irish Cobbii' 
(PI. 10, A, 2,) and of various combinations of these four diseases in Xo. 
(PI. 3, R),’ II, 12, and 14 (Pi. 8, B). It is noteworthy that with earh 
transmission and consequent more current-season symptoms in 19:: 
there was more complete infection of the progeny in 1922. Infection ■ 
the Irish Cobblers, already spindling tuber, was not so apparently s;;; 
cessful. In inoculations No. r, 2, 3, 4, 7, and 12, the leaf-rolling niosai. 
rugose mosaic, or un mottled curly dwarf symptoms induced in i: 
Green Mountains were not like the symptoms in the source of inoailij- 
hills or their progeny, suggesting varietal modification and masking 
symptoms, especially of mosaic (PI. 2. C; 4, A). The inoculated hi! 
in No. 7, the parents of the diseased hills in No. 10 and 14, and li 
Charles DowTing diseased hill in No. 13, showed streaking whicli w 
replaced in the follo^ving generations by rugose mosaic or by mild nioiS;. 
in combination with spindling-tuber disease. 

INOCULATIONS PBR^ORMSD IN ig22 

In the field, during 1922, leaf -mutilation inoculations with difieren 
types of mosaic, with leaf roll, and with spindling tuber were made 
plants of the Green Mountain, Irish Cobbler, Bliss Triumph, and Ibiri. 
New Yorker varieties. The method of planting, in 4-liill 'tuber uii’.s 
resembled that of previous seasons. One or two hills in a tuber uii). 
either the second and third hill, or the third hUl alone, were treated 
that two or three iminoculatcd controls were in each inoculated tuk: : 
unit. Single applications were made in each series with the exception': 
Series 58, 59, and 60, in which the second hill in each unit received 
inoculations, and with the exception of mild mosaic and leaf roll, where 
three repeated applications were made. The positive current-sean:-- 
results of these inoculations are presented in Table XVII. 

Inoculations with mild mosaic and leaf roll are not indicated in 
table, since no current- season symptoms appeared. Infection _iro.^ 
inoculations made under cages with mild mosaic by leaf mutilation ^ 
described in Table XVIII. Inoculations with spindling tuber were dis- 
cussed in Table VII. 
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. indicated in Table XVII, the current-season reactions of the varie- 
inoculated with juice from vines showing different types of mosaic, 
irf, and streak symptoms, were rugose mosaic and streak or combi- 
ions ot these. Streak alone resulted from inoculations with juice 
[n a Green Mo vin tain lot inoculated in 1921 with juice from a streak 
nt in a seedling variety (Scries 14, 15, and i6V’ Streak, therefore, 

; appeared without apparent combinations in three succeeding gener- 
ous. iuclucling two in Green Mountains and Irish Coidders as the result 
leaf-niiKilation inoculation. As indicated, tlie second generation 
nts used as source of inoculation for streak in 1922, were badly 
ailed and died early — before tuber formation. Similar plumoinenh 
re obtained with the progeny of plants inoculated in 1921, with juice 
ni a mosaic dwarf plant adjacent to the streak plant, of the seedling 
rieiv, mentioned above (Series 10, 11, and 12). Here some of the 
Hmlated hills produced stalks showing streak alone and rugose mosaic 
)ne. as well as a combination of these symptoms, suggesting that 
5saic-dwarf in the original seedling plant may have been a combination 
rugose mosaic and streak, the severe dwarfing being due mainlv to 
aak in the combination. These two inoculations arc different from 
c others in that they produced streak alone in Green Mountains and 
ish Cobblers while the others produced rugose mosaic in close associa- 
>11 with any streaking seen in these varieties. They are also different 
HMUse tlie source of inoculum was extremely dwarfed plants quite 
due tlie plants, with rugose mosaic or other symptom complexes, that 
:r\ L'(l as sources of inoculum for th(‘ other inoculations. 

It seems probable that streaking may be a prominent first-season 
nnptom of two diseases— streak and rugose mosaic — and not alwavs a 
gn of streak. This view of the uncertain value of the one symjitmn of 
:nakiiig as a sign of the symptom complex or disease of streak is 
oiiUed out by Orton (yj, p. too), and is supported by the writers’ 
Dmparison of first-season and second-season symptoms in a number of 
its with rugose mosaic the second season. Streaking was more common 
s an apparent first-season symptom of rugose mosaic in Bliss Triumphs 
nil Rurals (Table XVMl, Series 81, 85, 89, and 107), Whether other 
lir'oascs ill several combinations used here (Series 18 to 20, 79 to 81, 83 
0 Sv and perhaps others) were transmitted along with rugose mosaic 
iiui merely did not show current-season symptoms, can bc' learned only 
r tlie second generation in 1923. The consistent emergence, from 
'.‘mhinations, of rugose mosaic in 1922, indicates that the other diseases, 
I'b.i thc-v also transmitted or not, were of a less virulent tyjie. Modifica- 
:i 1:1 of rugose mosaic symptoms in combination with other diseases 
beciirred in Series 10 to 12, 18 to 20, 79 to 8i, and 127 to 128. 'flu: same 
l.Giig. ur else varietal modification of rugose mosaic .symptoms, was shown 
n .Series 105 to 107, 123 to 124, 130 to 131, 133,' in, and 119. 

In addition to those in the open field, otlicr leaf-mutilation inoculations 
\'ere made in insect cages located in the same field. As indicatcfi in 
fiiblc XVIII, repeated inoculations ivith mild mosaic and siiindling- 
noer were made in Series A-III and B-III, while but a single application 
'■as made in the remaining series, which included juice from mosaic 
Iwarf and streak as well as from mild mosaic and spindling-tuber plants, 
dants for the source of mild mosaic and spindling-tuber inocnluni. wawc 
Tomi in cages since 1920, inclusive, and for mosaic dwarf and streak 
ince 1921. As indicated, tliree different varieties and one seedling were 
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Ljiated in comparative series. The average height of the plants at 
rtime of the first inoculation was about 7 cm. 

Repeated applications with mild mosaic and spindling tuber were 
>e effective than single treatments. The Irish Cobbler apparently 
Iws greater susceptibility to spindling tuber than to mild mosaic. 
Idistinct varietal reaction to mosaic dwarf appears between Green 
liintain and seedling 39374^ being rugose mosaic or streaking and 
biting, respectively, suggesting the combination for mosaic dwarf to be 
gose mosaic and streak. The occurrence of spindling tuber in the con- 
pis in the Irish Cobbler variety resulted from field infection in 1921. 
bec in each series, hills i, 2, and 3 in the inoculated lot are progeny 
bm seed pieces of tlie same three tubers, respectively, as hills i, 2, and 
(of tlie control lot, it is quite apparent that spindling- tuber infection 
5 111 ted from inoculation in some units in which the controls remained 
^alihy (Scries A-III, all three hills; B-III, hill 3; E-lII, hill 3 (PI. 9, 
F- 111, hill 3.) 

I\TERVAR1ETAL INOCULATIONS IN THE GREENHOUSE 


Results previously reported from grceniiouse experiments on inter- 
arietal inoculations consist of the transmission of mosaic by juice 
aiisfer from Green Mountains to Bliss Triumphs (45, />. ^5.7-55), and 
: leaf roll by aphid dispersal from both Green Mountains and Irish Cob- 
krs to each of these varieties {41, p. 37-5^). 

in the Oruno greenhouse in tlie winter of 1920-21, mild mosaic inocii- 
itioiis of Green Mountains were made with several juice- transfer methods 
Table XIX, Series i to 10). The inoculum was always obtained from 
uild mosaic Bliss Triumph hills. 

It will be noted in Table XIX that in Series i to 7 inoculation of any 
\pe was performed at four different times. The inoculated plants in 
&is experiment were potted separately but consisted of 4-hill tuber units, 
riie funr plants grown from any one tuber were inoculated, respectively, 
It the four different times whicli were not absolute dates but corresponded 
10 certain stages of development of the plant. The first plant to reach 
f height of 10 to 15 cm., or Stage I, was inoculated immediately. 

four plants were observed in regard to the time when the terminal 
ph()Oi exposed the first flowe.r-bud cluster by opening and growing 
bcycnd it, and this was considered as the anthesis stage (II) since all 
potato buds abort in the Orono greenhouse at this season. The first 
piaut of each tuber unit to reach the stage of anthesis, disregarding the 
DEK- already inoculated at Stage I, was inoculated at that time, the next 
one to do so was inoculated 15 days after anthesis (at Stage II lb and the 
last one was inoculated 30 days afterwards (at Stage IV). All were dug 
it btage VTII, which was 40 days after the so-called anthesis, or II, 
(lays after III, and 10 days after IV. The date of anthesis was not the 
<111)0 lor all plants of a tuber unit, differing from i to 1 3 days, the same as 
‘T tiiG different tuber units. In Series 8 to to, inoculation was performed 
it the same stage of maturity — namely, at anthesis, but the tubers were 
I’ts at four different times for each tuber unit. The four plants were 
harvested, respectively, 10, 20, 30, and 40 days after anthesis, which 
■Jages are denoted, respectively, as V, VI, VII, and VUI. The later 
he date of aiitliesis the shorter interval of time was allowed between 
unhesis and harvesting, to make the dates of harvesting as late and as 
•lose together as possible. The tubers planted were dug in the field 
luring the. last week of July, 1920, and were planted November 15 to 19. 
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The plants in Series i to lo reached Stage I during the last half of Deceit, 
ber and Stage II about the middle of January, and were dug up rnostiT 
in February, The progeny were planted in the field in May and wer’t 
observed in August, which was cool, when they showed more distinr- 
mottling than the all- mosaic stocks that were observed in June and JuK- 
which were warm and dry, at corresponding stages that are usually 
best for mosaic diagnosis. 

Table noculatioTis of Green Mountains in the Orono, Me., greenhouse in 

winter of igzo-zi 


Inoculatitni. 


Inoculated plants. 




1 1920-3 1. : Progeny. 

Series. 

Method. 

Time.^ 1 ; 1 

Hills, i Hills.’ : M 


I Juice rubbed into mutilated leaves 
over entire plant (PI. 13, A). 


2 Juice rubbed into mutilated leaves 
of lower diird of stem. 


3 Juice rubbed into mutilated leaves !| 

of upper third of stem. Ij 

4 ; Stem split in lower part and a par- i 

tion immersed for several days in d 
a vial full of juice (PI, 14, A). ij 

5 Stem split in upper part and a por- | 

tion immersed for several days in 
a vial full of juice, ' 

6 Capillary tubes full of juice in- |j 

serted in lower part of stem. '1 


7 Capillar}’- tubes full of juice inserted ; 
ill upper part of stem (Pi. 13, B). ij 


8 . As for Series r 


9 ! As for Series 2 

10 ! As for Series 3 

SI Sources of inoculum 


I 

$ 

VITI i 

13 


11 


VIII 1 

8 ^ 


III 

3 

VI It i 

12 : 

lie 

IV 

3 

VIII 

13 


I 


VI It ^ 



II 


vni , 

10 

4 t 

III 

3 

vin 

1 r 

r 

IV 

3 

vni 

8 


I 


vni ' 

II 


II 

3 

VIII ' 

II 

h 

III 


vni 

9 

6 * 

IV 

3 

vni ' 

10 


I 

,3 

VIII 

9 i 


11 

3 

vni ^ 

JO 

c 

in 

3 

VIII ‘ 

12 

z 

IV 

3 

VIII 

12 i 

f 

I 

3 

VIII ^ 

12 

c 

11 . 

3 

VIII ' 

II 

c 

nr 

3 

VTIl 1 

^3 

c 

IV 

3 

VIII ; 

12 

c 

I 

3 i 

vni 

II 

3; 

II 

3 

! VIII : 

13 

31 

III 


VIII ■ 

II 

0 

IV 

3 

i VIII , 

10 

e 

I 

3 

VIII : 

9 

c 

II 

3 

I vni . 

10 

c 

III 

3 

i VIII 

10 

2C 

IV 

3 

i vin 

13 

c 

TI 

3 


9 


II 

3 i 

1 VI 

II 


11 

3 ! 

1 VII 

10 

IOC 

11 

.3 ^ 

i VIII 

II 

9 ’ 

n 


i 

5 

c 

II 

3 

1 VI 

10 

c 

n 


i VII 

II 

0 

II 

'3 

! Vin 

6 

0 

II 

3 

' V 

9 

33 

II 

3 

i VI 

TI 

7 ,' 

11 

3 

: VII 

9 

(57 

II 

3 

! vnr 

10 

0 


6 


10 

100 


' Dates of inoculation are designated as I, II, III, and IV, indicating, respectively, the time the pla«t 
reached a height of from 10 to 15 cm., the time the first fiower-bml efuster was exposed preliminary <0 ilie 
abortive an thesis, the fiftemtb day after II, and the thirtieth day after II, 

• The date of digging was either IS (V), so(VJ),30 fVII), or 40 {VIIl) days after 11 . 

• Each grown from i tuber. 
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It is seen from Series 4 and 5 of Table XIX tliat the method in which 
tlie stem was split and a part immersed in the juice (PI. 14, A) was inef- 
fective; from Series 6 and 7, that the inserting of capillary tubes full of 
nice (PI. B) slightly effective; and, from Series i, 2, 3, 8, 9, and 
JO, that the leaf-mutilation metliod was less etTective when a]-)plied to the 
lower leaves than when applied to the upper leaves or to all the leaves 
{PI. I V A). With application to the upper leaves or to all (Series i, 3, 
lol'tlie inoculum was most infectious when ap]) 1 ied at Stages II or III. 
^'Iic complete ineffectiveness of the stem-immersion method and of the 
leaf-mutilation method at Stage I, and the comparative ineffectiveness 
of the capillar}' -tube method, and of the leaf -mutilation method applied 
\o the lowest leaves (Series 2 and 9), all may be caused by the necessity 
of introducing the mosaic virus in greater quantity, under certain green- 
house conditions, than was done by these methods. The length of time 
ncccssar}' for infection to reach the tubers is indicated, but w-ill be con- 
siP.cred in a later section of this paper. 

On December 20, 1920, in the Washington greenhouse, spinach aphids 
persicae Stiiz.), in the adult stage, were transferred from mosaic 
potato, variety Bliss Triumph, to caged potato plants, variety Green 
Mniintain, varying in height from 2 to 15 cm. Different numbers of 
a])lnds were transferred to 12 scries of plants each consisting of four 
potato plants from a single quartered tuber, so that one untreated 
control was reserved for three treated plants in each series. A set of 
six scries was treated with aphids numbering i, 5, or 15 individuals to a 
plant. The remaining set of six scries was treated with aphids numbering 
2, 10, or 25 individuals to a plant. When the aphids were transferred 
but one stalk to a pot \^■as allowed to develoj). All the treated plants 
grew under cages, a separate cage to each pot, during the entire experi- 
ment. 

liightecn days after aphids were transferred, examination disclosed 
ill at every treated plant was infested in [)r()portion to the number of 
individuals originally placed upon it; some of the plants treated with 
25 aphids sho\ved very decided injury. At this time the aphids were 
killed with nicotine fumigation. On the plants of the first generation 
distinct mosaic was observed 27 days after treatment with aphids. 
W'ilh one exception the observations on the second-generation plants 
v<ir]iinn those, which were made on the vines of the first generation. 
Data on the vines in the second generation are presented in Tal)lc XX. 

lire results in Table XX indicate that in each of the two groups of 
tuber units there was more infection as more aphids had been intro- 
duced. It is not kno^vn why 5 and 15 aphids per plant in the 1-5 15 
gomp produced less infection, respectively, than 2 and 10 aphids in the 
10-25 ^'oup, or why in most of tlie. series the same number of aphids 
d.id not always transmit the disease. On the ^vhoIe, tliis experiment 
suggests that a larger number of aphids is more effective, in IransmiUiiig 
mild mosaic. These results also suggest that very few aphids sometimes 
are capable of transmit Ling the disease. 

On December 22, 1921, six Green Mountain plants from 6 to 21 
cm. in height were inoculated with juice, from a rugose mosaic seed- 
hng potato. The inoculated plants were kept in the Washington green- 
house under the same conditions as those inoculated by a single treat- 
ment with mild mosaic and without being placed in moist chambers, 
-dso the same strain of Green Mountains was used as in the mild mosaic 
inoculations (p. 48). By January 19, 1922, there was, on five of the 
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inoculated plants, a dying of the leaves in spots and streaks \Yhic' 
frequently was preced^ by slight mottling. On the progeny in 
second generation, the mottling and uniform wrinkling was usually mor* 
pronounced than in the first generation. Leaf spotting and early death 
of the lower leaves also obtained in the second generation. The control; 
in the same tuber units, remained healthy in both generations. Th: ' 
another case was added of great contrast between rugose mosaic anr 
mild mosaic. 

In the Orono greenhouse during the winter of 192 1-2 2, leaf-mu tilationir, 
oculations of four Irish Cobbler hills from two tuber units were made, usin: 
inoculum from rugose mosaic Green Mountains. Leaf dropping appeart? 
in all four hills in from 24 to 31 days, but only 7 of the 12 progeny weTt 
affected. Parallel inoculations of two Green Mountain hills with inocu- 
lum from an Irish Cobbler leaf-roll hill gave negative results in bo‘i, 
generations. The results here with t^vo varieties are like those secured ii 
other experiments within either variety. 

Table XX. — Effect of variation in the number of aphids upon transmission of niosak 
Washington, D. C., winlcr of IQ20-2J^ 


Number of aphids intrcduccd, 
'1 


31- 

32- 

33 - 

34 - 
35 
37 - 
38. 

39 - 

40. 

41. 

42 

43 


Total . 
Percentage.. 


0 

0 

0 

0 

: ° 
0 

0 

0 

0 

O' 

0: 

0 : 

T n-n O' 














0 0 0 0 


2:2 .... 

012 .... 

0:2 .... 

0:2 .... 

o;2 .... 

- . .1 0:2 

... 0; I 





. . . ' III 

... I'.l 

: ^ i . 2'.2 

2 0 

2 

i 

t I : I .... 

' 0 1.. ...... 

. . . 0:2 


! I ' 2\1 




1 n 


0:28 . I 

9 5:12 

\ 3:11 ■ II 

:i2 4:11 11:1: 

0 

1 

27 92 , 36 ICC 


s plants tiiosaie and total, respectively. Each plant ortiv: 


CONCLUSIONS REGARDING INTERVARIETAL TRANSMISSION 

The several degeneration diseases described as being diagnosed and 
transmitted within the Green Mountain variety are also present in otlier 
varieties according to the results of intervarietal inoculations. Trans- 
mission to Green Mountains from other varieties for ascertaining the 
identity of the causal virus for various symptom complexes is analogous 
to the comparison of visible pathogenes from different sources by obsei^'- 
ing them on the same medium or in the same host. Such comparison 
indicates that the same virus may induce different symptom complexes 
in different varieties and that similar symptom complexes in different 
varieties may be caused by different viruses. Quanjer also points out 
the value of comparing degeneration diseases in some standard variety 



Degeneration Diseases of Irish Potatoes 


85 


ly 14, 


_ p jjo). Some of the differences in dia^osis and terminology may 
epcnd upon the use of different standard varieties used in Holland and 
nierica, respectively, for such comparison. 

interspecific transmission of mosaic involving potatoes 

The definition of mosaic of potatoes, which apparently includes several 
ixiinct diseases, has been given (p. 46) and will serve for mosaic of other 
)t‘L'ics of plants. It is not within the scope of this paper to give a review 
the extensive literature on interspecific relationships of mosaic. It is 
iijficicnt to state here that many species have mosaic, that interspecific 
ransinissiori from one taxonomic family to another is unusual in compari- 
[)ii with that within such families, and that the mosaic diseases of various 
Obis, even in the same family, are by no means similar in behavior in 
e^ard to seed transmission, infectiousness, viability of Oie. virus, and 
ilicacv of different methods of inoculation. Experiments upon inter- 
pecihe transmission of mosaic to and from the potato have interest and 
tiiportance. They indicate the relationship of potato mosaic to other 
vpes of mosaic that are better understood and so indicate by analogy 
iie most promising improvements in control measures. They also fur- 
evidence upon the problem of alternate hosts which might serve to 
perpetuate and spread infection. 

'the great variation in mosaic behavior indicates that in attempts at 
niers])ecific transmission, the methods used must be selected or modified 
:v, buit both species involved. With a given mosaic virus it is desirable 
:(i \ise both a method known to be successful in infecting the usual host 
ind any methods that have been proved effective for a presumably differ- 
:nt mosaic virus of the possible alternate host to be tested. In this way 
the experiment will take into account not only tlie possibility that the 
hsl virus is infectious to the alternate host, but also the possibility that 
,i is infectious only in conditions different from those governing successful 
noculation of the normal host. 

: Fur example, if needle inoculation alone is used to transmit mosaic 
from tobacco to potato witli observations ceasing in 15 days, it thereby 
ap{)arcnt1y is assumed that the tobacco mosaic virus must act the same 
iti all hosts. On the other hand, if it is deemed possible either that the 
tchucco virus may be responded to differently in the potato, or even that 
b'l'di mosaics are caused by the same virus with different behavior in 
differenl hosts, it is desirable to use methods that are reliable for both 
[iiovaics ill the respective normal hosts. Another example is a needle 
tii'K'nlation of cucumbers with juice from mosaic potatoes, with obser- 
vaikins ending in 13 days. This method may test sufficiently the pos- 
uyiliiy ol the potato mosaic virus being the same as the cucumber mosaic 
'■irus. l)ut it would ignore the possibility that the potato virus could be 
transmitted to cucumbers in tlie same conditions needed for successful 
liuciiiation within the normal host, the potato. Whenever interspecific 
iraibrniission between two hosts is demonstrated it is still necessary to 
nake further comparisons in regard to symptoms, susceptibility of hosts, 
-■ase ol inoculation, and incubation period, in order to determine as nearly 
possible whether one or more viruses are involved. 

POTATOES OTHER MEMBERS OE THE SOLANACEAE 

In view of the requirements stated above, no completely adequate test 
’as been reported showing that interspecific transmission between pota- 
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toes and any otlicr members of the Solanaceae is impossible, except ti;. 
earlier grafting experiments of Qiianjer p. 4^) with tobacco and poia-. 
Transmission of mosaic from tomato to potato and from tomato - 
tobacco, and the reverse of each, has been rejjortcd by Quanjer (j-5, / 
42). Here it seems possible either that a virus was involved, differcr,; 
from that of tobacco mosaic and those of potato mosaic in being iniT 
tious to all three IkjsIs, or that the tomatoes were affected only with, 
cornbiiialioii of tobacco mosaic and potato mosaic, hater, Qnanjer Ir, 
reported transmission of common mosaic by grafting, from potato 
to tomato and to tobacco (jp, p. : 

True infectious mosaic can be transmitted by grafting to other solanacco^ 

plants, c. g., tomato and tobacco. 

The details of his evidence are not given. Transmission of 1110^^. 
from a perennial weed, Physalis longifolia Nutt., to potatoes has bcr: 
reported by Melhus (27). Quanjer has indicated the communicability ■ 
several degeneration diseases of potatoes to a considerable number ^ 
species of the Solanaceae p. ip, 134, ij6). The experiments to b 

reported here are with tobacco {Nicotiana tabaciwri L.), tomato [Ly: 
persicum csculentum Mill.), and common nightshade {Solanum nigrum I 

POT.^TO, TODACCO, AND TOMATO 

Tol)acco mosaic can be transmitted readily by means of a needle rnM); 
contact which breaks the trichomes (5, p. 6ij-iy). The inciibah-: 
period may he only 5 days {j,p. 613) and usually is no longer than ::v 
15 days {2, p. 17). Potato mosaic of the most virulent type lias it: 
been transmitted by inoenlations approaching the needle method in tnil: 
ness, and has a minimum incubation period of 12 days. With iniii 
mosaic of potatoes unless inoculation is performed early and the grow;.- 
period of the potato vines is lengthened by growing them either in a fiti 
insect cage or in the greenhouse, any infection that occurs will not a- 
surcdly be apparent during the first generation. Hither tobacco osa;: 
is caused by a more virulent eontagium tliaii any potato mosaic yet de- 
scribed, or, if its cause is identical with that of a potato mosaic, the syiir. 
toms arc greatly modified by potatoes. 

Experiments performed in the Orono greenhouse in the winter of op . 
20 are described in 'fable XXL The tobacco plants grew from Conni. 
lieiil Ikoadlcaf seed, and mosaic \vas introduced both from dried inos.t 
tobacco leaves collected hy T)r. W. J. Morse in Connecticut and fn':: 
living mosaic tobacco plants sent from the greenhouse at Washing^- 
I). C. Idle potato plants were of the Green Mountain variety and cia:; 
from uortlieasteni Maine. 

The data in Table XXI show that iiicrnods of inoculation adequate : 
transmit tobacco mosaic or potato mild mosaic, within the spoci: 
effected no apparent interspecitic transmission. Leaf-mutilation juK 
transfer transmitted mosaic from diseased to healthy potato (Scricy 
and 13) and from diseased to healthy tobacco (Series 6) as shown ' 
Plate "15, B, but not from diseased potato to healthy tobacco (Seric? 
and 12) or from diseased tobacco to healthy potato (Series 5 and 14 
Spinach aphids transmitted mosaic, from diseased to healthy potat 
(Series 4 and 8) , but not from diseased potato to healthy tobacco (Seru 
3) or from diseased tobacco to healthy potato (Series 7). The apk- 
colonies did not tlirive on tobacco sufficiently for control aphid inocul; 
tious (diseased to healthy tobacco) to be made but Allard (j, p. 626-2] 
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,i:nd this species to be a transmitting agent. It will be noted (Series 9) 
lat aphids from potato inoculated with tobacco mosaic were non- 
icclious, indicating that potato was not a susceptible masking host or 
rmptomless carrier. Aphid colonies did not establish themselves on 
le tobacco plants inoculated with potato mosaic, for a corresponding 
;si of tobacco as a symptomless carrier of potato mosaic. A number of 
Dntrol inoculations from healthy plants of one species to the same in the 
ther Avere made, but are of no significance in view of the negative results 
roiu mosaic inoculations. 

XXI. — AioiUfC inoculaihns betu-een potato and tobacco {OroKO, Me., iviaieT of 
ipip-20) 


:l«. ' Simicc of iooculuni, Mciliod of inoculation. 

1 Mosaic potato Juice stabbed in Feb. 

2S: leaf mutilation 
Mar. 9, 15, and 24. 

2 | . . do. Leaf mutilation Mar. 6- 

9, 15, and 24, 

3 ;...do ; Spinach aphids, 25 to 

100 to a plant, Feb. 5 
i i or 17. Fumigated 5 

! to 7 days later. 

4 . -do : Spinach aphids, 60 to 

200 to a plant, Jan, 16 
or Feb. 3. 


1 

^ . Mosaic tobacco. . 

' i 


i Mosaic potato. . 


'.) Inoculated pota- 
to, of Series 5. 
io None 


, Leaf mutilation Mar. 
I 5 9, 16, and 24. 


r.,eaf mutilation Feb. 16. 


, Spinach aphids, 10 to 80 
! to a half -tuber, Apr. 
14, Fumigated Apr. 
21 , 

Spinach aphids, 25 to 
roo to a half-tuber, 
Apr. 14. Fumigated 
Apr. 21. 

. Spinach aphids Apr, 3. , . 
None I 


12 As for Series I , . 

13 Asfor Series 2, . 


Leaf mutilation once. 
. . . do 


14 , As for Series 5. , 

15 Mosaic potato . 


• do, . 


; Giowlh in soil recently 
occupied by diseased 
I plant. 


Iiinojlatcd pl.’uis. 

; Five, tobacco, hugest leaf 10 
i cm. long Feb. 28. Healthy 
: Apr. 26. 

■ Two, potato, 2 cm. tall Mar. 

6-9. Healthy Apr, 2O. Sec- 
I ond generation, 8 of 9 tuber 
i units mosaic, 
j Ten, tobacco, with 3 to 6 leaves 
j over I cm. long when inocu- 
I latcd. Healthy Mar, 26. 
i 

] Two, potato, 8 cm, bill when 
j inocnlated. Mosaic in 29 to 
32 days. Second generation 
mosaic. 

Four, potato, 2 cm, tall Mar. 
5-9. Healtliy Apr. 26. Sec- 
ond generation healthy. 

: Five , tobacco, with 6 or 7 leaves 
over I cm. long when inocu - 
' Uited. Mosaic Itlar. 2 and 

I possibly before (PL 15, B). 

! Eight, potato half-tuhers, with 
} sprouts 2 to 5 mm, long. 
Plants healthy. 

Seven, potato half-tubers, with 
sprouts 2 to 5 inm. long; 
4 of the 7 plants mosaic by 
June 26, and 5 by July 2 1 . 

Tobacco, with leaves not over 
2 cm. long. Healthy Apr. 26. 

Control parts of tuber units of 
Series 2, 4, 5, 7, and 8 healthy. 
Second generation of Scries 2, 
4, and 5 also healthy. 

Control tobacco, healthy Apr. 
2. (See Series 6.) 

Tobacco, healthy (PL 15, B). 

Potato. HealUiy in first genera- 
tion. Mosaic in 8 per cent of 
the second. 

Potato, healtliy. 

Many seedlings in 5 pots, 
healthy 6 weeks alter germi- 
nation , 
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During the winter of 1919-20 in the greenhouse at Washington, D. (; 
cross inoculations by leaf rrnUilation with mosaic between potato, tohaco- 
and tomato indicated that the. tomato was susceptible to potato niosai; 
that the tobacco was susceptible to tomato mosaic but not to pots- 
mosaic, and that the potato was not susceptible to tobacco mosaic 
These reactions suggested that the tomato either responded sympg 
matically to two different mosaic diseases or sen’’ed as a necessary inter 
mediate host for one mosaic between potato and tobacco and vice versi 
Accordingly, in the winter of 1921-22 additional cross inoculations be 
tween these hosts were made. In addition, cross inoculations wiri 
different types of potato mosaic were performed largely between potai 
and tomato in order to observe the reaction of the tomato to these di; 
eases. The varieties used are indicated in Table XX 11. Potato ar' 
tobacco plants at the time of inoculation varied in height from 8 to c 
cm. and the tomato plants from 15 to 30 cm. Inoculations i- 
each case were made by leaf mutilation. A single inoculaiif.i 
was made with the exception of Series 15, which received four applies 
tions at weekly intervals. Inoculated and control plants came from seci 
pieces from the same tuber in the potato, and in the tomato cuttings ani 
seedlings from the same lot. Inoculated plants and their controls grev 
iu the same greenhouse, which was fumigated regularly fur the coiitrf. 
of aphids and white lly {Aleyrodes vaporariorum Westw.). The contioi 
remained free from mosaic. 

The results shown in Table XXH indicate that the tomato is susceptilb 
to tobacco and potato mosaic and that the symptoms vary betweer 
tobacco and potato mosaic, being filiform in part as a result of mosa; 
tobacco, and mild mosaic or simply mottling, ruffling, and wrinkling a: 
a result of infection with mild mosaic of potato, 

Purtliermore, the tomato reacted differently to the different types 1 
degeneration diseases represented in the potato, being mild mosaic aiie: 
inoculation with potato mild mosaic, and rugose mosaic with eitlier rugotf 
mosaic or with streaking plus mottling of potato. Tomato in Series ]■: 
show^ed the mottling of potato mosaic more readily than the potato itseii 
mosaic mottling in this case appeared in 12 days, while the potato hac 
failed to show mottling at the end of 2 7 days, 

A comparison of Series i, 3, and 15 discloses an apparent different 
between potato mosaic and tobacco mosaic and suggests the harboring 
of two distinct mosaic diseases by the tomato. The mosaic tomato ii: 
Series 3 became infected from some unknowai source, presumably 1 )\ ibt 
potato mosaic in a separate greenhouse during the sununcr, while ilu 
tomato in Series 15 was inoculated with tobacco mosaic, which was no 
transmitted to the potato in spite of four repeated treatments, as tl:< 
first and also second generation plants indicated. 
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POTATO AND nightshade 

Seed from a volunteer plant of common nightshade was planted ^ 
steam-sterilized soil in the greenhouse at Orono in the winter of 19 
The seedlings were transferred to similar soil in small pots and grou-j,:; 
in live series, as follows. 

Series i 


Spinach aphids were transferred from mild mosaic Green Mouiita: 
potato plants to 13 caged nightshade plants growing in nine pots li:; 
were killed a week later bv fumigation. The results, together with oih; 
data, are given in Table XXIll. Table XXIII shows that 2 of the; 
nightshade plants were certainly mosaic in appearance and 7 others cou:; 
be placed almost in the same class (PI, 15, D)- The only plants iti, 
showed no mosaic symptoms were 3 that were smaller, when u 
aphids were introduced, than others in the same pots. Probablv the 
were not fed upon by the aphids, i he first mosaic symptom, leaf curlsj]; 
appeared in from 20 to 47 days after inoculation. 

XXIII. -Transference of aphids from mosaic potato plants to healthy nigbirk 
plants 


Pot 

No. 


3 

4 

6 

7 

8 

9 


Ai)liids intfoduccd. 


pate of apiiearant« of mosaic symptoms. 


SO ; 
80 ! 


Date. 

on plant.* 

Deaf curl. 

Ual 

collapse. 

Wrinkling. 

CiHUplcte, 


[ 7 

Mar. 

r 6 

Mar. 

25 

Mar. 

31 

Apr. 6 . 

Kcb. 17 ■ 

1 2 

None 


None. 


None 




6 

Mar. 

16 

. . .do. 


. . .do. 




7 

...do. 


Mar, 

25 

Mar. 

31 

Not Apr. 26 

fieb. 24 

<1 

. . do. 


. . .do. 

Apr. 

0 

Do. 

, . .do 

S 

Mar. 

31 

Mar. 

31 

Mar. 

,31 

Apr. 12. 

f 7 

Apr. 

0 

None 


Apr. 

b 

Not Apr. 26 


None. 


. . ,do. 


None 




[ 2 

1 . . . do . 


. . .do. 


i . . , do . 



. . .do, . . . 

S ! 

■ Mar. 

2; 

Mar. 

25 

Mar. 

31 

Do.» 

. ,.do 

7 

I Mar. 

16 

j Mar. 

31 

Anr. 

6 

Do 

, . do 

f 7 

i Mar. 

25 

I Mar. 

25 

. . .do. 


Do 

1 5 

Apr. 

12 

None. 


Apr. 

12 

Do.^ 


‘ Approximate, 

> Over t rin in leniith, including the cotyledons. 

• Probably mosaic, however, even though not completely so. 


Series 2 


Healthy controls to Series i , with each of five plants in a separate pot 
were fed upon for a week by 40 to 100 aphids. The aphids were intro 
duced on March 8 when there were eight or nine leaves each over i cir. 
in length. No mosaic symptoms had appeared on April 26, when ai* 
plants were discarded, in marked contrast to those of Series i grm'ini 
alongside (PI. 15, D). 

Series 3 

On February 9, 1920, juice expressed from mild mosaic potato pliQt 
was inoculated into the mutilated leaves of 10 nightshade plants wlier 
the number of leaves over i cm. long was from three to eight, Oni' 
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av(,'S of this length were inoculated, and these were so thin they could 
Pt be bruised as much as is necessary for the successful inoculation of 
5t:UO(‘S, They were somewhat mutilated with the finger nails and 
L- ninehing, with juice present on the fingers and applied after mutilation, 
nc of this series became mosaic (Pi. 15, D), 

Series 4 

Healthy controls to Series 3, with each of five plants in as many pots, 
rcre inoculated similarly with juice from healthy ]iotato plants. No 
io.>aic symptoms appeared by April 26. 

Series 5 

: Three untreated controls were transplanted and 13 were not. All 
eiiiained healthy throughout the experiment. 

Tlie live preceding scries indicate that potato mild mosaic virus is 
niVctimis to a high degree when introduced by aphids, and to a slight 
Nient when introduced by leaf mutilation, to nightshade. Return 
Dt'culations from mosaic nightshade plants to jiotatoes were made to 
jtrotUed tubers in the same manner as in the tobacco-potato vSeries 7 
.11(1 S of Table XXI. It will be remembered that in the control Series 
. apliids from mosaic potato plants infcclcd 71 per cent of the half- 
ulicrs. The 29 per cent of Series S that remained healthy were fed 
ijinii by fewer aphids than the rest of the series, only 30 being introduced 
o a half tuber. Two series were involved with nightshade and sprouted 
loUito tubers, as described in the following paragraph. 

vSeries 6 

^ Spinach aphids on mosaic nightshade plants were not very numerous. 
Tliosc present were on the plant of pot 8, Table XXI II, under a cage, 
and were established there on April 6 as a proved nonvirulent colony 
frc'in radish plants. Fifteen or 20 were transferred to each of five 
sprouted half-tubers and 20 per cent of the half-tubers became mosaic, 
Ihus mosaic was transmitted from nightshade, to potato tubers by fewer 
apliids than were required to transmit it from mosaic potato vines. 

Series 7 

Healthy controls to Series 6 were fed upon by aphids from healthy 
nightshade plants, which produced no infection. 

>eries 6 and 7 indicate that if enough aphids are transferred to potato 
from mosaic nightshade, infected from potato, there will be as much 
infection as when they are transferred from mosaic jiotato. 

liie experiments with nightshade and tobacco were performed in the 
same greenhouse but in different rooms. Since tobacco mosaic can be 
transmitted to nightshade {2, p. to) it was slightly possible that the 
ni'.i-aic nightshade plants had become infected in some way from mosaic 
tobacco. Therefore spinach aphids w'cre transferred from a mosaic 
ttightshade plant to small tobacco seedlings, on April 6 . The aphids fed 
and increased until April 26, but all the tobacco seedlings remained 
liealthy. 

■ 18108 — 2.3 i 
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POTATOES AND PLANTS IN DIFFERENT FAMILIES 

Transmission of mosaic from cucumbers {Cucumis sativus T.) to r/- 
toes has been reported by Doolittle and Walker (j/). The niosak 
cucurbits seems to be the most virulent type known and to be the t,' 
most easily transmitted from one family of hosts to another. Ho\vt> 
as in northeastern Maine, where potato mosaic is common, the 
have not yet found any wild members of the Solanaceae, it has 
necessary to consider the possibility of transmission of potato iHf;, 
between families in connection with the problem of perpetuation 
weed.s. In this region the writers have observed mosaic in garden boi; 
{Phaseolus vulgaris L.), evidently introduced in the seed. A very lx- 
mon mosaic is that of the numerous wild red raspberries y 

A inosaiclike disease is sometimes common on certain composites ; 
resembles one type of aster yellows. The raspberry mosaic is the > : 
one of these diseases that has been tested by the writers in regard 
transmissibility to potatoes, 

potato and RASPBERRY 

In the Orono greenhouse in the winter of 1920-21, cultivated nio.- 
raspberry bushes were transplanted in October and grown until x 
period of dormancy was passed. On January 28, the new shoots '.v,; 
ground up and juice obtained consisting of distilled water and ui 
could be washed and squeezed out of the rather dry pulp into the ws:. 
The juice was used in leaf-mutilation and capillary-tube inoculaux 
corresponding to those described in Table XIX, where potato iti'-: 
was transmitted. Hach method was used in four hills taken, respect ivd 
from four 4-hill tuber units. The 16 plants in these tuber units w.,: 
all healthy, as were also the 50 plants of the second generation, i: 
indicates that two methods of inoculation that transmitted mosaic ir : 
potato to potato, were not effective in transmitting mosaic from raspbi" 
to potato. No aphids abundant in northeastern Maine are knocwi : 
infest both Rubtis and potato (jy), which might explain why proxirr 
of healthy potatoes to mosaic raspberry has caused no apparent inh dk: 

CONTROL OK DEGENERATION DISEASES OF POTATOES 

'Die desirability of controlling any one or more of the degcncriK;: 
diseases depends upon the effect on the yield rate and on the qinui; 
The determination of such effects requires correct diagnosis of the 
or diseases involved. With a given disease, distinction should be iim: 
between hills or plots with current -season infection (usually no symptom 
with seeoiid-.season infection (usually first-season symptoms) and 
third-season infection (PI, 14, B). Until it is clearly shown that (fiscal 
free strains (stocks of the same variety recently secured from dfe: 
sources) have no inherent differences that survive growth and the produ. 
tion of seed in the same environment, it is also desirable to corapa:- 
effects of a disease in parts of the same strain. It may be readily s-xt' 
that it is difficult to secure an extensive comparison fulfilling the p^; 
ceding requirements and giving due consideration to soil, variety, aa; 
climate or season, especially when infectious diseases are prescat i 
contaminate the healthy parts of strains. Further, the total pcrccnta? 
of incidence may affect the average reduction of yield rate by each p’ 
cent of diseased hills, and diseases in combination may have an 
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stcr or less than the sum of the effects of both considered se])arately. 

a ^dven yield rate, the quality may be affected with a loss depending 
iv\vhat on the demands of the trade regarding the characteristics of 
tubers or progeny. 

advantages to be derived from controe 

'able XXIV summarizes the results of a number of yield tests that 
t’e been made with parts of the same strain in each of two varieties. 
E h strains secured on the h farm will be discussed first. In 1918, on 
Ddsiaok harm, the yield rates were reduced by an all-inosaic condition 
il,l ivpe) slightly more for Bliss Triumphs than for Green Mountains 
entnparison with plots with part of the hills — the mosaic ones — 
noved during the season. In 1919, on Aroostook Farm, the yield rates 
be reduced by an all-mosaic condition much more for Bliss Triumphs 
pii for Green Mountains, in comparison with plots with about a fifth 
lllie liills mosaic. In 1920, on a field with poor soil and cultural condi- 
ms. the yield rates were reduced less by an all-mosaic condition for 
Sss Triumphs than for Green Mountains, in comparison with plots with 
jcHit a fifth of the hills mosaic. In 1919, the only year of the three in 
jieli conditions were at all nonnal and favorable for growing potatoes 
id fur making such a test, for each 10 per cent of mosaic the reduction 
a; muted to 2,8 barrels ‘ an acre for Green Mountains and to 5 barrels for 
iss Triumphs. 

Ill thc.se two strains and in many small lots {40, p, 316) the writers 
,vc n')i observed an increase in severity in symptoms except in some 
ses where another disease, such as the spindling- tuber disease, came in 
increased, as in the following tests. In 1921, on Aroostook Farm, the 
:iio Green Mountain stock mentioned above was again used for yield 
its. One part about a third mild mosaic and a third spindling tuber, 
th first-year symptoms following infection late in 1920, had a yield 
te of 146 barrels an acre. A part all mild mosaic, as for several years 
and about a third spindling tuber (first-year symptoms) had a 
cUl rate of 96 barrels. Another part all mild mosaic, as for several 
Mrs, and all spindling tuber with the second-year symptoms (third year 
I disease) liad a yield rate of 68 barrels. 

Comparing the first and second parts gives a reduction of about 7 
a’'rols an acre for each 10 per cent of mild mosaic, 'while comjjaring the 
icoud and third parts gives a reduction of about 4 barrels an acre for 
ic'i 10 per cent of spindling-tuber disease in mild mosaic stock. In 
ii‘-c tests tite size of the plots varied from one-fifth to one-fourth of an 
in 1918 and 1919, from one-ninth to one-fifth in 1920, and from oiie- 
cvcniti to one-sixLccnth in 1921. 

Inirther comparisons in Table XXIV lead to the following conclusions; 
lie mosaic part of a strain sometimes yielded less than a partly rogued 
-•a] thy part, as in Green Mountain strain L (1918, 1920), in Bliss Triumph 
min B (1918, 1919, and 1920), and in Green Mountain strain S (1920). 
he mosaic part of a strain sometimes yielded more than a rogued healthy 
ut but only so if the allowance is not made for loss by roguing, as in 
reen Mountain strain L (1919), strain S (1918 and 1919), and strain \V. 
Ir' mosaic part of a strain sometimes yielded less than an unrogued 
iaithy part, as in Green Mountain strain B (1919; 1920 on P farm; 


S. barrel' (barrellul) is i6s pounds, or ^y^ bushels. 
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1920 on Long Island; 1921), Bliss Triumph strain L (1919; 1920 r,:; 
farm), and Bliss Triumph strain R. In one case (Green Muun'; 
strain C) a slightly mosaic part yielded a little better than a no-nioj, 
part. The spindling- tuber disease decreased the yield rate where prc-y- 
in Green Mountain strain L (1920 and 1921). In this strain growtli'. 
Long Island was accompanied by a greater reduction in yield ratt; 
mosaic than on P farm. 

Tabi,S Wl\ .— Yield tesli on effiicl of mild mosaic and spindling-tuber disenu 
strains 


Stniin.' 


Year. 


Part. 


('.rtcii Myuii- 
tain 1. 


Hliss Triiutipli 


i'rcod .Moun- 
tain S. 


(Treun Moun- 
tain \V. 
Cfoen .Moun- 
tain C. 

Hliss Triuiiij)h 
R. 


iyif> 


1919 


1920 


1921 

1918 
T9 19 

1920 

1918 
I gig 
|l920 

1 1919 

1 1920 
{1920 


of II percent mosaic. . 

[.Ml mosaic 

'l<;o,:TUC(i of 20 per cent mosaic. . . 

' 20 per cent mosaic 

![A !1 mosaic 

, (■Rujjued of 15 per cent mosaic. . 

■ Rogued of 21 ])cr cent mosaic , . 
2] per cent mosaic, on P farm. . 

per cent mosaic 

12 per cent mosaic, all spind- 
ling tuber. 

, .\li mosaic on P farm 

: 16 per cent mosaic on Umg 
j Island, 

d-All mosaic on I^ong Island. . . . 
i [ 36 per cent mosaic and about 

I 30 per ceiU spindling tuber. 
'jAll mosaic and about 30 per 

cent spindling tuber. 

.All mosaic and all spindling 
tuber. 

/ Rogued of 15 per cent mosaic , . 
\.\11 mosaic 

I I Rogued of 20 percent mosaic. . . 

■^20 [)cr cent mosaic 

d.AU mosaic 

! Rogued of 26 per cent mosaic. . . 

, 44 per cent mosaic 

; 21 per cent mosaic on P farm . , 

■All mosaic on P farm 

Rogued of 13 per cent mosaic , 

■ 45 ])er cent invisaic 

,1 Rogued of 30 ])cr cent mosaic . . . 

loX per cent mosaic 

jRogiied of 22 per cent mosaic , . 

dsg iKT cent musiiie 

/ Rogued of 32 per cent mosaic, . . 
,1.30 per cent mosaic 

fo 2 per cent mosaic 

\6 |>er cent mosaic 

^/Rogued of 2 per cent mosaic. . . 
iiy per cent mosaic 


Barifls per , p,, 


89 

‘ 104 (130.’ 
U 4 


146 

9 ^ , 
6S ■ 


V5 ! 
Vs i 


84 : 

100 

60 


‘A : 84 : 

'■'9 ' 82 

M ^ 84 (97) ‘ 
■ 86 ; 

^112 (160) 


'' 106 (156.1 
U 7 


' Itach sttain was divided in the year previous to the first given here, by hill selection nr h>- pad 
rogued. 

, s Area given Is approximate and on Aroostook Farm unless otherwise stated. 

’ Yield rate in parentheses is that ealculaleil toi loo percent assuming the rogued percentage to 
a directly proportional loss. 
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losaic is well distributed over the United States (45, p 248- 14 h 
u having been reported in 1917 and 1918, from 21 States, including 
those in which potatoes are an important crop. The existence of 
,wl types and the modification of symptoms bv varietal and environ- 
ital factors make it probable that the true extent and lueanin^^ of 
<,H:ographical distribution of mosaic is merely beginning to bo fuliv 
ili^ed. Sixty-eight strains of Green Mountains from seed <M-own in 
I laida. Maine, New York, Vermont, and Wisconsin, were tested in 

^ e place and found to have an average of 33 per cent mosaics bn) 

■ d as high as 48 per cent (55, p. 8). Mosaic was common in seed- 
tato tields of Maine and northern New York in 1915 ( 46 p 
■i ir average mosaic percentage for Green Mountains in New Vork'and 
^ oostook County, Me., is given by Barrus [6, p. /j) as 50 per cent or 
)ri‘, uith 20 per cent or less as rare. During 1919) the writers made a 
■ rdu! estimate of the amount of mosaic in 40 Green Mountain fields 
d the same number of Bliss Triumph fields in northeastern Maine 
:: aiiv 01 these were supposed to be above the average in freedom from 
;; e (hsease. Mosaic varied from one-half per cent to 100 per cent 
1 (raging 28 for the Mountains and 46 for the Bliss. Similar results 
: lluwed the examination of fewer fields of tliese varieties in 1920 an(i 
: 1 sniiimsedly choice American Giant fields were found to contain 
^ :i:ii 3 to .^6 per cent, averaging 13. In Green Mountains in un ‘26 
; Ids HI northeastern Maine averaged 32 per cent, and ^8 fields in \\nv 
s mnsM-ick, mostly m the northern part, averaged 13 per cent mosaic 
; (-t of the mosaic m commercial fields in northeastern Maine and New 
: riinswick IS of the mild type. Variation in Louisiana from 3 to gj per 
; nt in Bliss Tnumps is reported {12, p. 8), witli losses as high as total 
I iliire i 7<?, p. 3). 

\ Ghe reduction of yield rate by leaf roll has not been determined in 
ots. Leaf roll does not extend so far north as a prevalent disease as 
)e-; mosaic. Both are prevalent in western New York and southern 
rnmio p 36) while in northern Ontario mosaic is troublesome but 
ai roll IS not {28, p. 5). ihc writers have found leaf roll much Ics.s 
nnmon than mosaic in northeastern Maine iu varieties badly affected 
^nvhere witli both (47. p. 75)- When leaf roll causes net necrosis in 
10 tubers the quality of the crop is affected as well a.s the yield 
iwat-rollmg mosaic alone appears to affect the jdanls about as mild 
does, but m combmadon with spindling- tuber disease (mviuH 
'■nn oi curly dwarf in Green Mountains as least) the yield rate is com 
xlcndilv reduced {46). 

Ihe spindling-tuber disease seems to reduce the yield rate less bv the 
> lear symptoms (in plants growing from normal shaped tubers 
r 'diKcd by plants infected late in the season) than by the second- 
ed r>\mptoms (m plants growing from spindling tubers) (PI, 14, B). 

present in all percentages of incidence in several varieties iii 
. Maine. Its presence in at least lo widely separated States 

= Minun iroin personal observations by the writers and from iiersonal 
Irioffi reports by pathologists. Its production of abnormally 
HH.d tubers injures the quality of the crop for sale as seed and table 


liiirinir' t and unmottled curly dwarf are each more 

rid ^ diseases just mentioned. They 

>0 Jeal -roiling mosaic and spindling-tuber disease, are probably 
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more generally distributed over the potato -growing regions tliar 
shown by reports now available. 

back of control of these various degeneration diseases causes 1,;^ : 
to seed buyers because of their appearance in plants grown from ; ■ 
[jarently normal and healthy tubers. This reacts on the sellers of 
Controf therefore will not only improve the yield of generally sab 
tubers, liut will also improve the quality of the crop for seed purp., 

GKNKRAL FACTORS INVOLVED IN CONTROL 
TRANSMISSION 

Trom the results of the experiments described in preceding part; 
this paper, it may be concluded that by aphids and_ possibly ct 
means there is danger of degeneration diseases spreading in tlic k 
from diseased to healthy liills or from diseased to healthy fields, 
stock of Korcross (Green Mountain group) grown in a large held 
Aroostook I'Virin had 55, 80, 95, 99, and 100 per cent of the hills r. 
mosaie, res[)cctive]y, in tlie five years from 1918 to 1922. Other .slot: 
of smaller size have here shown a similar steady increase of mild iiiox 
and of spindling-tuber disease, but not of leaf roll. That such frctpie 
annual increase in the percentage of incidence is due to infection; 
healthy hills from the diseased ones in the same field is shown by certt 
liill selections, to be described in a later section of this paper. A]^ 
tlie clTcct of different degrees of isolation of healthy stocks from disea^{ 
shx'ks will be .shown in a iater part of this paper. The removal 
diseased hills serving as sources of infection, and the control of inset: 
that transtnit these diseases, are important phases of control tn i: 
given attention later. 

If any experiment should eventually indicate that transraisb,: 
througli the soil is possible, it will be necessary to test or elimin^:: 
various soil factors (such as subterranean insects, soil water, soil ma;; 
or debris fnjm diseased plants) in order to determine the exact methi; 
of transmission. At present neither soil nor root-contact transmisd: 
lias been demonstrated. 

I'niiPIiTC.^TION 

The (ptestion of perpetuation in diseased weeds has been considered" 
connection w'ith interspecific transmission. It seems to be of importanr 
in sonic regions and not in others. 

'Idle possibility of perpetuation in the soil exclusive of diseased tiibO' 
has been tested in pots, with negative results in both the first and secoiiv 
gciierations p/o, p. jJ5). d'his experiment involved contact with >soir.: 
of the roots of jilants recently removed. Field experiments also gav 
negative results with mosaie, both in the first (^o, p. 333-36) and sccod- 
generations, and whether begun upon the ground of 1918 plots or of 19I” 
jilots. In the latter (Tabic XXVII, field D) dead mosaic vines weR 
buried in tlie furrow at planting time. The same negative result? 
resulted from teats with leaf roll reported by the writers (41, p. 59) by 
Quanjer (jS, p. ./.r-42), Wortley (50), and "Murphy p. 
from tests with mosaic dwarf by Krantz and Bisby (21, p. J5 -~i8)- 

'I'he well-known perpetuation through the tubers is of great importance 
It requires the avoidance of fields containing viable overwintering dis- 
eased tubers such as were present in northeastern Maine in the spring 0: 
1919 Uo, p. 333} and of 1921 (PI. 14, C). 
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i t makes it desirable to inspect the fields that produce the seed tubers, 
the condition of the parent plants has more effect on the progeny 
II ihe conditions of seed-tuber storage or of the growth of the. progeny, 
(f!- ])l]ases of tuber perpetuation will be discussed in connection with 
(|iiestion of tuber selection. 

DIFFL’SION OV nm CONTAOIOM 

The spread of the contagium or virus within the plant will be termed 
[iihision,” Stocks assuredly mosaic, that have shown the symptoms 
mild mosaic for several seasons, usually do not show the symptoms 
the first part of the season (sc\'eral days to several weeks) and often 
It- them in the last part. This seasonal cycle is considered by the 
irms to be the result not of diffusion of the contagium to and from the 
ivi s. but rather of the effect of the degree of maturity upon leaves con- 
inmg the virus, and frequently shows variations due to temperature 
u\ other environmental factors. Diffusion of the virus from the point 
inoculation in the vines to the tubers may occur without the appear- 
ic-. of symptoms, even after the normal period of incubation, if the leaves 
ceased growing. The time needed for this diffusion is of importance 
i\-]atiou to the possibility of tuber infection being reduced by an early 
lath of the aerial parts of the plants, after the latter have been inocu- 
tvd l)v insects. 

knowledge of virus diffusion may explain the disease division of hill 
tuber units, hills, and shoots, where the progeny of a hill or of a 
iix-i; and even a single .shoot, may be only partly diseased. Although 

I icli disease division may be caused by recent insect inoculation in some 
ist s at least, it occurs in conditions where such insect inoculation is not 
saiisfactory explanation. Incompleteness of diffusion is of interest to 
insv' who test hills or tubers by sampling one eye of each, and to those 
1]|) plant a seed plot by tuber units. If its occurrence in a seed tuber 
sometimes the cause of the late appearance of symptoms in the upper 
part of the plant, it is also important to those who attempt to remove 
1/! diseased hills early in the .season. 

In the winter of 1920-21, at Orono, the plants of nine tuber units were 
iioeulated at different times by the leaf-mutilation method with inoculum 
'r-mi miid-uiosaic Bliss Triumph plants, and were dug within a certain 
K-riod of time after inoculation. Three different intervals elapsed for 
)aris of each tuber unit. The progeny were gro^TO in the field in 1921, 
uid showed symptoms as described in Table XXV, for vSeries i. In 
molher series (No. 2 of Table XXV) the plants of three tuber units were 
iioculated with a reliable method similarly at a given time and four dif- 
(.■reiil intervals elapsed for parts of each tuber unit. In each scries, 
days allowed much less diffusion of the virus to the tubers than 20 


lays or longer. This helps to explain why digging seed tubers within 
o days after the maximum infestation by transmitting insects avoided 
n<* maximutn amount of disease (p. 104). It also indicates how early 
-ul Lirnnal killing frosts in northern regions, following the usual late spring 
latching of aphid eggs and consequent late development of infestation, 
night contribute to the general less abundance of degeneration diseases 
II the north, resulting in the well-known preference for northern-grown 
vi-d [to, p. 162-63). 
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Tabi,E XXV. — of difference in time elapsed between leaf-mutilation inocuki,- 
with mild mosaic and removal of tubers 


Tubcf- 

uiilt Inoculation period, 

series. 


[Exposure of first flower-litid cluster. 
* I lluftcerith day after L>ud exposure, .. 
[Thirtieth day after bud exposure. . . 


’ 2 Plxprjsure of first fiovver-btid cluster 


Date of I Progeny mosaic; 

tuber \ 


femoval 
(niiinber 
oi days 
after inocu- 
ktiun). 

Number j 
biocu- • Mtisai. 
fated. i 



40 

29 i 

25 j 

32 • ' 

, 1 

31 ' 

10 i 

9 ! 

20 i 

n 1 t 

30 1 

10 ; J; 

40 1 

i 


‘ t Jiill from each tuber. 

’ .Series i, 1, and j ol Table XIX. excluding plants inoculated before autfiesis. 
' .Series a of 'labic XIX, 


It has been reported (40, p. 31S) that a small proportion of tuher 
units may contain iioth healthy and mosaic hills, and that in such mixed 
tuber units the diseased hills are at first about evenly distributed between 
bud-end hills and stem-end hills but later arc more common in the bud- 
end hills. The diflerence thus shown at first between sister hills in 
regard to mosaic is apparently due either to unequal retardation of the 
appearance of symptoms or to unequal distribution of the virus in the 
tuber. The later development of the difference between bud-end and 
stem-end hills may Ix' due, as far as is knowm, to the greater number 
of eyes in the bud-end quarters and the resulting better chance to include 
a diseased eye, or to field infection that affects the faster-growing bud- 
end plants more and that produce symptoms apparent the same season. 

In some cases of possible early field infection with current-season 
symploms, at first only part of a hill or stalk is diseased^ither one branch 
or the upper leaves or even one side of a branch, and the infection then 
spreads to the new growth, whereas perpetuation by tubers from diseased 
hills is followed by uniformly distributed symptoms. This partial 
infection appears later than that which evidently follow's tuber perpetua- 
tion, Ijeing in 1921 about the only type found after the second roguing 
in a rogued and isolated seed plot that contained aphids earlier in the 
season. It is correlated with the presence in the field of virus diseases 
especially of the more injurious and virulent types, being more abundant 
in the experimental plots than in commercial fields, where it is found 
infrequently. Furthermore, it is found, in experimental plots, indis- 
criminately in partly diseased lots, in lots from stock that came from 
healthy fields and that arc healthy in commercial fields, and in lots with 
the preceding generation grown under cages or in greenhouses with no 
opportunity or evidence of infection occurring, Murphy has noted such 
partial display of current-season symptoms {29, p. 62-63). 

In 1920, several thousand Green .Mountain tubers from many sources, 
mostly experimental plots, were split in tw'o and planted as 2-hill tuber 
units. 1 liirty-seven tuber units either were partly mosaic — that is, wdth 
one Of more stalks partl\' or wholly healthy, in the first week of July 
(when piogeny of all-mosaic lots planted in the same field in the same 
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V ^Yere all diseased) — or were healthy then and partly mosaic later. In 
V tuber units, often different stalks in a hill were affected with 
erent severity. Whether healthy or partly mosaic on July i, these 
iiiis became more diseased as the. month progressed. They could be 
rranged in a series of gradually increasing amount and severity of 
iseas^. they seemed to be either the last hills to show mosaic as the 
‘suit of 1919 infection or hills that showed the first symptoms resulting 
oiu 19^0 infection. If the last to show 1919 infection, they would 
Ecin to be so because of incompleteness of infection of the tubers in 1919, 
f they were mosaic as the result of 1920 field infection, the identity of 
he transmitting agents is in doubt, since aphids were not discovered 
m lunc 26. On July 26 they were limited to colonies each of about a 
lozen consisting of a mature potato aphid individual and her young ones. 
^ shoot in the Orono greenhouse, where aphids were absent, was ob- 

f :rved having one side mosaic, the line of distinction between diseased 
nd healthy even bisecting two leaves lengthwise, 

M'hatever the cause of delayed and partial manifestation of symptoms, 
§he effects are troublesome. About a fourth of these 57 tuber units 
ibecarnc affected with streaking between July i and 26. This streaking 
fwas either accompanied or preceded shortly bv the appearance of britt Ic- 
iness and mottling. A few more became thus affected between July 25 
land August 27, one alone with no mosaic mottling. 'I'his single apparent 
lexception to the rule of association of mottling and streaking was not 
Isurprising since mottling had become reduced in distinctness or entirely 
|e!Taced in over one-third of the tuber units. Thus, in certain tuber 
streaking was an accompaniment of mottling that appeared later 
[ tlian normal and that was femnd in only part of each unit. More- 
I over, in many of these units mottling became reduced during August 
i even though the variety -was (Irceti Mountain, one that retains this 
s\-uiptom better than most varieties, and the streaking was followed in 
part by progressive necrosis. As a result, a combiiiatiofi of streaking, 
briuleness, and leaf dropping could be seen in August with no mottling 
evident in the plants, and were it not for the wrinkling present, such 
plants would have been considered by anyone without access to previous 
records as being affected only with streak. Furthermore, at one time 
it was possible to arrange the streaked hills in a series with complete 
xiadation from a mottled-streaked condition to a typically streak con- 
tlitioii. It seems possible that this change and gradation from mosaic 
to streak was due in part to the presence of two viruses — rugose mosaic 
and streak, in part to variation in the time of infection (or to variation in 
(litfiision of the virus), and in part to the increase in maturity of the 
plants. However, in this and similar cases, it is also possible that a 
single virus (rugose mosaic) produces streaking and leaf dropping in the 
cniiditions described. At any rate, correct diagnosis and the early 
removal of diseased hills seemed difficult under such conditions. 


RCSPONSl? TO ENVIRONMEN'lWL FACTORS 

Environment influences both the symptoms and the rate of spread of 
degeneration diseases. New symptoms following the transferring of a 
given lot to another region can not be regarded as the effect of the new 
environment unless either there is evidence that there was no new 
iniection during the last season in the first region, or a similar part of the 
?tock is kept in the first region as a control. Loss of symptoms following 
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sucli translocation may be considered as a result of masking by the ntv 
environment, unless they are masked by new symptoms of a seco- 
disease. 

Tubers of a mosaic lot were divided and part of each tuber was plair,.; 
in northeastern Maine and 3:iart in Colorado (45, />. 2^0). During t;. 
same season, mottling was distiiict in the part in Afainc and absent ]>,> 
the other. A similar lot was divided likewise and grown partly in nor*,-, 
eastern Maine and partly at Washington, D. C. [45, p. 2^0), and rlmT: 
the same season mottling was distinct in Maine but douMfnlly asce:' 
laiiied in many hills at Washington. In three successive seasons ; 
number of partly mosaic lots were divided and grown partly in nurit 
ea.stern Maine and i)artly in southwestern Maine (.7.5, p. 2^0). I .'aial; 
the i)art of a lot grown in the southwestern area showed much le,: 
mottling than the other part, while the reverse never was noted. K;,. 
covery of tlie mottled appearance followed the return of a part to u. 
northeastern area. 

In 1022, a similar test on tlie effect of different climatic condition r: 
plants from the same tuber was conducted with 30 Bliss Triumph tulien 
and with an equal number of Green Mountain tubers apparently havin, 
mild mosaic, A seed piece from the same tuber was planted in each c 
tlicse localities: Presque Isle, Me.; Piverhead, Long Island, N. Y.; ai;.: 
.Norfolk, Va. Observations were made by the same person, one of tb 
writers, in the three localities. Tlie results of these observations iiu!:- 
Gated that mottling was less distinct on the foliage at Norfolk than ir 
the other localities. It was also noted that most of the vines in ihf 
three localities showed mild mosaic syniptoms; a few plants plainly dir 
closcfl mosaic-dwarf or bad mosaic symptoms. Plowever, mosaic 
dwarf ajipearcd on Bie plants from the same tuber in each of the thre; 
localities and no tuber produced plants having mild mosaic in one localit} 
and a diffcTeiiL stage of mosaic in anotlicr locality. It appears llib 
the difference in climatic conditions here as in the preceding tests chief]} 
produced a difference in the distinctness of the mottling, the stage o 
type of mosaic remaining the same. 

Progeny of Green Mountain curly dwarf hills were grown partly in : 
warm room (approximately 67^^ F. or iq“ C.) in the Orono greenhouse i? 
1919-20, and partly in a coo] room (approximately 56° F. or 13° w 
Mottling ajipeared, was mostly restricted to the tissues along the vthb 
and was so restricted more in the warm room. The same was true e 
progeny of mosaic hills selected in tlie same lot. Such a hill grown in tin 
oj)cn is shown in Plate 15, A. 

In 1919 a stock of Green Mountains witli about 80 per cent mosaii 
was grown on a number of fertilizer jdots. Roth the percentage of niosai' 
plants and tlie distinctness of mottling in those mosaic were reduce' 
somewhat during tlie first part of tlie season by high-nitrogen and high 
potasli fertilizers. 

In 1919 four mosaic tubers were split in two and one-half of each wa 
planted under an insect cage in the field and the other in the open, h 
two cases the caged hills were more distinctly mottled than the corre 
spending uncaged ones. 

Twelve tubers from Bliss Triumph mosaic hills were grown in th 
Orono greenhouse in 1920-21. They were split in two, and one half c 
each was planted in a warm place (approximately 75° F, or 24° C. mea: 
temperature) and the other half in a cool place (approximately 60^ f 
or 1 6'’ C. mean temperature) . Wrinkling and mottling were more marke 
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I I the cool place (PI. 15, C). When partly grovvn, the plants in the warm 
hce were put near the others in the cool place. Then Uie difference 
iiicd to continue in tlie upper parts of the plants, since tlic leaves that 
voanded upon the transferred plants were like tlie corresponding leaves 
f the plants kept in the cool place from the first. This experiment 
ciitinus one of diose performed by Freiberg {16, p, ig^-202), in which 
ntuo and other plants showed apparent recovery from mosaic under 
[•ruiin conditions of temperature. Murphy has described the seasonal 
1 iskin'^ of mosaic symptoms (jo, p. 148), and Johnson has demonstrated 
lie f\ipprcssing effects of temperatures over 20“ C. (ig). 

I'en whole tubers from a leaf-roll stock were planted in the Orono green- 
(Uiic during tlie winter of 1921-22. Three of the 10 plants were grown 
;i 'cd. and of these three, two showed no distinct rolling, though all ihree 
iwiTe chlorotic and burned. The uncaged plants were rolled until 
liher the roof was whitewashed in April, after which new leaves that grew 
pM were only chlorotic and flat. This diminishing of rolling \ras noted 
laisLi under field cages in 192 1 . Such an effect from caging or other means 
lot shading is not surprising in view of the evidence that leafroll is asso- 
icialcd with the abnormal accumulation of food, which is caused by the 
bill ire constant internal symptom of phloem necrosis (3.’?, p. 43-43), prob- 
[ai)!y only in the presence of sufficient sunlight. 

: 111 1921 tubers from hills diseased in 1920 were in two and tiiehalves 

eacli tuber were planted, respectively, under and outside of insect cages. 
The disease in 1920 was either streak, curly dwarf, or mosaic, and .several 
viirieties, including Green Mountains and Rurals, were used. The sum' 
uicr was warm and dry, so that the, cheesecloth cover probably caused 
c'laiigcs in environmental factors as showm by Burns for wire-screen cages 
iv'. Conipari.sons were made several times during Uie season. The hills 
n outside of cages usually were smaller than the inclosed sister hills. 
The shading in the cages enlarges liealthy plants so tlrat this difference in 
diseased plants is not surprising. Such a difference in size is not due to 
different degi'ees of dw'arfmg so much as to tlie same degree <;f divarfing 
;uiing upon plants of different sizes. In a few cases mottling ivas present 
in t he cages while the dilorosis ou Lside ivas diffused . Symptoms observed 
ill common to these environments were wrinkling (in Green Mountains), 
rniihng (in Rurals and Green Mountains), brittleness (in certain seedling 
varieties), burning (in seedlings, Rurals, and Mountains), and premature 
death (in seedlings). This experiment indicates Uiat a reduction in stiii' 
light may decrease tlie apparent dwarfing effect of a disease and may 
ii'icrcase mottling. It also shows that in certain climatic conditions burn- 
ing is not prevented by shading or by protection from insects provided 
certain diseases are present. 

Ill 1920 parts of the same stock of a strain of tlie Green ^fountain 
'.■arietv were, planted in two fields in northeastern Maine and in a field on 
hong Island. The yield rate in one field in Maine was almost double that 
in the other and but little more than that on Long Island. The mosaic 
percentage w^as low. Another part originally of the same strain but alb 
inosaic was planted in the poor field in Maine and in the Tong Island field, 
lis yield rate w^as lower ou Long Island, even with field conditions twice 
as good for healthy stock. Thus an all-mosaic condition reduced the 
yield rate of Green Mountains much more on Long Island than in north- 
eastern Maine. Stewart reports heavy losses upon Long Island {46, p. 
337)- Murphy describes the effects of season, locality, and climate on the 
}'ield-rate reduction by leaf roll (29, p. 40-44) and mosaic (29, p, dy). 
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In addition to mosaic s-yinptoms being masked or modified by regional 
difTerences in weather and climate, there are differences between regions 
in regard to the amount of degeneration diseases and the rate of their 
spread in commercial fields. This is shown by local observations and bv 
comparing representative lots from different regions when grown in the 
same place. Differences are apparent in three groups of lots from three 
counties of New York (/, p. ii). The writers have reported a difference 
between different parts of Maine with mosaic spreading less in the St, 
John River Valley where aphids were less numerous (41, p. 73). This 
(lifference disappeared in 1921 with a heavy infestation of aphids in that 
valley, as is described in connection with certain data on isolation (Table 
XXVIII, field 38). Similar regional differences have been described bv 
Murphy (29, p. 45-46, 59 67) and Quanjer (49, p. 144). 

The ^second-generation plants to the lots grown in Maine and Tong 
Island, as noted in a foregoing paragraph (p. loi), were grown again in 
Maine, where the chief difference between these lots consisted in a higher 
percentage of leaf roll in the hong island stock than in the duplicate 
Maine lots, which had no leaf roll. 

In 1921 a (Ireen Mountain lot grown in Maine in 1920 was divided 
into five parts, which were planted, respectively, between mosaic Bliss 
'rHumph rows in nurtheastcrii Maine and in southern Maine, between 
Irish Coijbler leaf- roll rows in these two places, and on hong Island 
belweeii (ireen Mountain rows both all-mosaic and 25 per cent leaf roll 
(Table XXVT). In 1922 the hong Island part when grown in north- 
eastern Maine was 60 per cent mosaic and 75 per cent leaf roll, while 
at the same place the other stocks showed less disease (Tabic XXVI i. 
Similar exposure to leaf roll and mosaic at the two Maine stations was 
made in 1921 with a Bliss 'rriumph lot and an Irish Cobbler lot, and a 
comparison in 1922 in northeastern Maine showed that a slightly greater 
spread of mosaic had occurred in northeastern iMaine and a markedly 
greater spread of leaf roll in southern Maine (Table XXVI). 

Tablp: XXV' I . — Spread of mild mosaic and leaf roll in three places 


Varktv. 

r.ocaOon in 1921. 

Disease In 1922. 

JJo.saic. ' I.eaf nill. 


On I.A)ng Island between Green Mountain 

Per cent. Per ant. 

62 ;; 

('.rccii Mountain . . . 

rows 100 per cent mosaic and 25 per cent 
leaf roll. 

In smithcni Maine between mosaic rows , , . i 

3 ^ ° 


in northern Maine between mosaic rows. . , 1 

57 : 0 

40 50 


In sfuitliern Maine between leaf-roll rows. . . 


,In tiorUiern Maine between leaf-roll rows. . . 

40 ' 3 


In SiUithern Maine between mosaic rows ... 

44 ' c 

ihiss Triumph . . . . J 

In northern Maine between mosaic rows ... 

;6 c 

In southeni Maine between leaf-roll rows. . . 

26 10 

i 

In northern Maine between leaf-roll rows, . 

■ 55 ^ 


In srinthcrn Maine bel^^■ecn mosaic rows . . . 

0 0 

Irish Cobbler j 

In northern Maine between mosaic rows. . 

2 0 

In southern Maine between leaf-roll rows. . 

2 14 

i 

i 

In northern Maine between leaf-roll rows. . .: 

i 
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resui^ts of tests of control measures 

With the preceding data in mind, tests of various control measures can 
Ik- made and interpreted more intelligently. Seed treatment seems u.se- 
]c^s, since the plant jmee containing the contagium can not well be 
poisoned. Heat does not injure the virus before injuring the tuber 
, S', 19). dhc onlv apparent solution is the selection of'noninfected si'cd 
bv one or more of the methods which will be discussed 


I'UBFR SEUECTION 

The. selection of hills and strains is in the broad sense a tvpe of tuber 
selection, but the term “tuber selection ” is used here as meaninc^ the 
>c]cct.ion of tubers in the bin without knowledge as to the liealth o^f the 
parent plant. The. elimination of tubers with net necrosis of a certain 
ivpe will reduce the amount of severe leaf roll in the pro<>-eny (n) 
Iliscardmg tubers with the spindling-tuber symptoms (produced bv 
]ilarils in the second year of infection) will reduce the amount of third- 
M-ar infection of the spmdlmg-tuber and unmottled curly-dwarf diseases 
,mr.st-year infection in field occurs late and does not show in vines or 
uiliers.) The use of only the largest potatoes will reduce tHc ainuunt 
ol third-year infection of mosaic and leaf roll Ut p 76-77) How 
cMT, there will probably always be tubers of good size and shape that 
ea-re produced by plants infected the previous year or before and that 
are iierpetuating disease, unless the field producing the crop was free 
iroiii inreelion. 

With the spindling-tuber disease it is possible to eliminale a large 
])crccnlage of the spindle-shaped or “run long” tubers and so reduce the 
jiereeiuage of this disease. However, tuber selection alone, even with 
t le spmdhng-tuber disease, does not necessarily result in eliminating 
tins malady, since many of the normal-shaped tubers will be infected^ 
due to late season transmission by aphids in the field. Also, symptoms 
are not auvays conspicuous (Ph 9> C). * 

7 normal-shaped tubers ’from a Green Mountain and an 

nsli Cobbler lot from 1917 to 1922 did not produce stock free from spind- 
ing tuber. In fact, the Irish Cobbler lot showed over 90 iier cent spind- 
■flTh 1922 or an increase of about 90 per cent in six seasons. 

-Mthough the conditions for field infection in this lot, being grown near 
iscased stock m experimental plots, were very favorable, nevertheless 
uiis indicates that tuber selection alone does not insure freedom from this 
niciuiQv* 

With the spindling-tuber disease then, as with other insect-honie 
teases of the potato, the futility of attempting control by means of 

r selection alone is ver>' evident from the results of insect 
transmission, 

HILL SELECTION 

1,^^* were selected as healthy, both next to mosaic hills and 

w numbers of healtliy hills between them and the nearest 

o^aic the same row, and those next to disea.scd hills produced 

more mosaic progeny than the others (40, p. ^4). In 10 iq Green 
nlo^tam hills that apparently were healthy were dug in two pUces at 
P gressively later dates in the season. One set w^as secured at the 
esque Isle laboratory plots and consisted of 50 hills each growm in 
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the row next to a mosaic hill. The other was obtained at Aroostook 
I'arm in a rogued plot about 15 meters from the nearest unrogued 
mosaic hills. In each place 10 hills were dug on each of five dates-^ 
August 2, II, 20, 30, and September 9. The progeny of the five groups 
of hills were mosaic respectively in 67, 68, 70, 89, and 93 per cent in 
the laboratory stock and in o, 7, 0, 2, and 26 per cent in the farm stock, 
Therefore, in the lal)oratory hills, next to mosaic ones, there was a higli 
percentage fjf mosaic infection by August 2 and probably only chance 
escaping oi inoculation prevented all hills from becoming diseased by 
August 30. In the farm plot, 15 meters from mosaic hills, there was 
little infection until vSepteniber 9, and then much less than at the labora- 
tory. The two sets of hills were not only of the same variety but to a 
large extent of the same strain. Evidently, proximity to mosaic hills 
greatly increased infection, apparently through easier dispersal bv 
virulent insects. The small amount of infection that occurred at the 
farm and that was manifested chiefly in the last harvest probably was 
due to virulent insects, soil and other factors appearing to be negli- 
gible as possible causes. 

An experiment parallel to the preceding consisted in removing one 
tuber frtun every one of 30 liills in each of the two places on each date 
except the last, when every hill was dug usually with more tlian one 
tuber. The results were the same except that the percentage of infec- 
tion generally was higher. Another parallel experiment consisted in 
selecting a[)parcntly liealthy bills next to mosaic ones in a field, at the 
farm, tluit contained Green ^Mountain plants with 8u per cent mosaic. 
One hundred pounds of tiilxTs were dug on August 7, and a like quantity 
again on Sei)tember 8. The progeny of the two lots were, respectivelv. 
46 and 84 per cent mosaic. These results are similar to tliose of the 
series of harvests made at the laboratory. 

In 1920 cotidi l ions of uncontrolled field transmission were presumably 
varied by the selection of hills at dilTerent times and at different places 
on the same farm. Tlie data are presented in Table XXVIL 

In flcUl A, proximity to mosaic hills increased the amount of infection 
and proximity to leaf-roll hills was necessary for infection. The sudden 
increase of infection from the August 13 harvest to that of August 23 is 
to be explained as follows: In this field certain recommended methods of 
S})raying for aphid control were being tested and meanwhile the approxi- 
mate number of aphids was determined and recorded frequently. About 
93 per cent of^ these insects were potato aphids {Macrosiphum solani- 
jolii Aslini.). 'Iliese were present by July 17, increased most rapidly 
(luring the second week in August until there were over 2,()(K) to a plajit on 
the average, and decreased rapidly and disajipeared during tlic third 
Week ill August mostly because of a fungus disease that followed the 
iiK'e[)tion of a period of cloudy, humid weather. The aphids of the 
othcT si>ecies (ddcruiincd as Aphis sp. by Dr. Edith Patch), were 
extremely localized on occasional plants, being apparently slow in 
dispersing. I’resumably, the greatest dispersal of aphids occurred 
about August 13, when they were most numerous and when tlie second 
harvest of tubers was completed. Apparently the high level of tuber 
infection was reached by August 23, _ in the healthy hills adjacent to dis- 
eased ones. indicating a lo-day period to be necessary for diffusion of 
the virus to^ the tubers if the chief cause of infection were the potato 
aphids. This is the time for such diffusion as shown on page 97, The 
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fact that leaf roll did not reach the tubers in hills adjacent to leaf-rol^ 
hills in this field until after August 13, and then only in small amount, 
jiiav be due to the greater difficulty of effective leaf-roll inoculation 
compared with mosaic, or to slower diffusion of the virus in the plants 
(>i- to both, 

I TAtJLE XXVII . — Mosaic and leaf roll uncontrolled inocuiaiions in the field in 1Q20'^ 


Location in 1520 * 


]]j I'jfld A; next to mosaic hills, , 


lii iiclci A, next to leaf-roll hills, . 


In fk-kl A, in healthy plot. 


In field C, next to mosaic hills. 


In lifl'.l C, not next to diseased hills, , 


Irish Cobblers in field C, next to leaf-roll hills. 


Irish Cobblers in field C, not next to leaf-roll 
hilts 


In field D (rogued), on soil in tvhich mosaic 
fdaiUs grew in 1919,* 


tn field D, on soil in which healthy plants 
grew in 1919 


Ill fold B (rogued); next to sites of rogned hills, 


In field B, not next to sites of rogued hills . 


Series.^ , 

Hills, 

i Tuber 
; uaits. 


_ — . 



' Mosaic. 

Leaf 

roll. 




Per unt- 

Per uni. 


10 

30 

,3 . 

0 

1 i-B 

10 

! 42 


0 


10 

42 

60 

0 

[ i~D 

10 

1 44 

48 : 

0 

[ 2-A 

10 

^ 41 

2 

0 

, 2-B 

10 

43 

9 

0 

; 2 -C 

10 

; 38 

16 ' 

0 

[ 2^D 

10 

! 38 

iS i 

18 

' y-A 

10 

; 41 

■ 0 

0 

: \-B 

ro 

’ 48 

6 ' 

0 

. 3 -C 

10 

42 

0 [ 

0 

. 3-1^ 

10 

30 

15 : 

0 

' 4 -A 

10 

1 42 : 

0 1 

0 

,1-B 

10 

40 ■ 

13 

0 

4 -C 

10 

45 

7 

0 

. 4 -II 

lO 

31 

19 

0 

5 -A 

10 

42 ; 

0 

0 

S-B 

10 

1 44 : 

2 ; 

0 

s-c 

IQ 

44 

5 ' 

0 


10 

i 37 ■ 

0 ^ 

0 

' 6-A 

10 ' 

48 ^ 

8 : 

0 

6-B 

10 

47 

17 ■ 

0 

6 -C 

10 

47 ■ 

^5 . 

0 

7- A . 

10 , 

44 1 

5 

0 

7 -B 

10 

47 ' 

LI ■ 

0 

7 -C : 

10 

45 

ib 

0 

8-A ^ 

5 

25 

16 

0 

8 -B 

5 . 

24 ; 

42 

0 

S-C 

5 : 

19 


0 


8- D 

9- A 
9-B 
O'C 

9- 0 

10- A 
lo-B 
lo-C ‘ 

10- D 

11- A 
ii-B 
ir C 
IT-I) 


49 

48 


47 
47 ■ 
44 ■ 


‘ Cran Mouatains except for Scries 6 and 5. 

j p '"f P*’ I?’’ p, with * years elapsing with no potatoes grown on the soil. 

is ^ consists of subseries according to the dates of harvesting, which are, respectively, July «' 

en Aug ii-,3 (B), Aug. (c). and Sept. IS (U), 
volunteers present because all tub ’ '* 


fhe early part. 


tubers in the soil were killed by a severe winter with snowfall light in 
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In fields H and D, wliich were rogued of diseased Iiills as soon as the 
symptoms were observed, the small amount of infection found by Augujr 
1 2 may be the. result of insect transmission occurring before tlie roguiu^ 
was [lerformed. A comparison of Series 3,10, and 1 1 shows that as rr^v.i 
mosaic may l)e contracted b)’ plants in a healthy plot in the same 
with mosaic i)lants and plots as by plants grown on soil that suppono;: 
a mosaic plot the year before (.fO, p. 335-3^) ■ A comparison of vSerio; 

I and () shows that considerable mosaic infection reached the tubers 0: 
lulls next to diseased hills by August 13 in one field, hut not in the oihit, 
and a comparison of Scries 2 and 8 shows that it was only in the forme 
field that leaf-roll infection reached the tubers of hills next to diseased 
hills by SejdeinhiT 15. The former held was about three limes as fara- 
the latter from the nearest known winter host of the potato aphids (y.. 
and ])ossibly became infested later or to a less extent, or both. 

In 1021 hill sele'ctions were made in two Irish Cobbler fields contain- 
ing, respectively, 5 and 15 [ler cent of hills producing spindling tuher>, 
aiui ill a (Ireen Mountain field containing i per cent. The results, given 
in Taifie III, indicate that hill selection was useless for eliminating dij. 
case, though it reduced the increase otherwise occurring without hi!i 
selection. It is not sur]:»rising that hill selection in a field containing 
disease is often disappointing. Murphy (29, p. 43-47) and yuanjer 
p. e./j) have hat! the same experience. When as low as 5 per cent oi 
diseased lulls may contaminate the majority of the healthy hills in the 
same field, the hill-selection method clearly has limitations, 

RKMOV.AL or diseased HILLS 

The removal of diseased hills, or roguing, is in tlie broad sense a 
method of liill selection. It differs from hill selection in the strict seibe 
chiclly liy using healthy hills after removing the diseased hills that inav 
serve as sources of infection, w'hereas tlie latter uses healthy hills that 
have l>een more or Ic.ss cx-^posed to infection throughout the season. The 
e/Tectiveness of roguing is determined by several factors. Correcl 
diagnosis, thoroughness at each inspection, complete removal of each 
rogued hill from the field, and several inspections at the proper times 
arc ncccssar3\ 

Roguing with no insect spraying and wdth no great degree of isolation 
has l)ccn tested for several years, 1917-20, by the wmiters (45, p. 270, 
h- 33 -- 4 r, />. 77)- With variations according to the season and 
degree of proximity to diseased plots, the general results have been to 
keep the amount of mosaic in the stock about the same from year to 
year, between 13 and 30 per cent, except (hat roguing in 1920 wa« 
followed in 1921 by 35 per cent and 65 per cent in Green Mountains and 
Bliss Irimnphs. This was a gain over conditions in unrogued parts of 
tlic same strains. Wliy the removal presumably of all diseased hills 
has not eliminated tlie disease, or at least steadily decreased the per- 
centage, is not certain. Possible causes are masking of symptoms at 
the tiiiu; of roguing, dispersal of transmitting insects from rogued plants 
before or after these plants are pulled and insect dispersal from unrogued 
plots. 

Roguing accompanied by isolation from unrogued diseased stock and 
by insect spraying will be considered later. 
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SELIitTlON AND ISOLATION OF HRA'JIIY STOCKS 

It is possible to find fields that are healthy, either absolutely or coin- 
Tiaratively. Then it becomes important to know what to expect ol 
^ icli fields under known conditions of isolation from diseased stocks, 
;inil what to do with stock from such fields to maintain the existing 
l:Uite of health. Usually when healthy stocks are secured by potato 
-rowers they are planted in such a way in relation to diseased stocks 
ihat there is a chance to study tlie effects of proximity rather than of 
isolation, so that proximity will be considered here also. 

The results of planting rows of healthy stock alternating with mosaic 
:;tock have been described on page 102. In 1918 and 1919 rows of Irish 
Cobbler plants contracted more leaf roll next to leaf-roll rows than when 
iarther removed {41, p. 76-77). As in the mosaic experiments, the 
effects of the various factors, such as contact, soil, and virulent insects, 
can not be distinguished. Murphy has disclosed the spreading of mosaic 
and leaf roll across several rows in various parts of Canada (^9, p, 47- 51, 
Krantz and Bisby state that mosaic dwarf spreads rapidly in 
Minnesota {21, p. 19-22). 

In 1920, two Green Mountain fields with less than 1 per cent mosaic 
were observed. One was small, consisting of four rows, and was planted 
about 30 meters distant from four rows of diseased Irish Cobblers that 
came from a farm where all degeneration diseases are present. In 1921, 
aljuut 10 per cent of the hills were diseased, with leaf roll, mild mosaic, 
rugose mosaic, leaf-rolling mosaic, and spindling-tuber disease. Some 
flisease appeared even in volunteers from tubers left in the field before 
these were destroyed b^^ chewing insects. The other field was large, and 
was planted about 50 meters distant from an American Giant field with 
24 per cent of the hills mosaic. Samples and bulk stock from this field 
contained less than i per cent again in 1921. 

Two growers in southern Maine isolated very healthy Green ^fountains 
sufficiently in 1921 for the stock in 1922 (seen by the writers) to have less 
than I per cent disease, one grower giving the distance of isolation as 
aViout one-fourth mile. 

In 1921, the writers selected samples in several fields planted 
with healthy stock and located at different distances from fields 
nlanlccl with diseased stock. During the growing season observations 
Oil the percentage of diseased plants as well as on the aphid infestation 
were made. Peck samples were harvested from different parts of each 
held. These were planted in 1922 and readings on the percentage of 
mosaic were taken. Further data on these observations are presented in 
Table XXVUI. 

Ihe results in Table XXVIII disdosc that the mosaic percentage in- 
creased in each of the stocks and that the greatest increase obtained in 
held 38, where no hill was farther than 6 meters from Bliss Triumphs 
having 40 per cent mosaic and where there was a heavy aphid infestation, 
fhe stock in held 42 happened to be the one described previously as 
ncing 50 meters distant from mosaic American Giants in 1920 and as 
sbowing less than i per cent mosaic in 1921. Aj^parently, the location 
and other conditions of this stock were more favorable for infection with 
mosaic in 1921 than they had been in 1920, for one sample gave progeny 
with 66 per cent, and the bulk stock of this field showed 15 per cent 
mosaic in 1922. The results in this table show that mosaic sometimes 
M^rcads very'- readily from diseased to adjacent healthy lots, that prox- 
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imily and heavy aphid infestation together increased the spread of mosaic 
and that with greater isolation than obtained in these fields it may 
possible to maintain stock mosaic free if once the disease is eliminied 

Isolation of a half mile in England has prevented infection whiic 
proximity increased it (ro, go). 

INSECT CONTROL 

Aphids have proved to be effective transmitting agents in a number ol 
the experiments described in this paper. Although it may not be pos- 
sible to control aphids sufficiently to prevent transmission in the field 
in all times and places, it at least is necessary unless there is no disease 
present. There are two distinct phases of the problem of insect control 
in relation to disease transmission. The presence of transmitting insects 
in a partly diseased field is to be expected to result in late-season infection 
of healthy hills that can not be distinguished and that therefore can not 
be eliminated in the current season. In a healthy field the mere presence 
of insects is harmless in relation to disease, but the dispersal of trans- 
mitting insects to either kind of field from a wholly diseased field h 
undesirable. In some situations it may be possible to prevent interhil! 
transmission before removing the diseased hills and yet be impossible 
to prevent new contamination from other fields, while in other situations 
it may be possible to prevent interfield transmission and yet be impos- 
sible to avoid an infestation that causes interhil! transmission, 

111 endeavoring to follow the recommendation of entomologists regard 
ing apliid control, the writers have formed the opinion that spray methods 
reported to be effective in more southern regions, at least in preventing 
directly injurious infestations, are not so useful in preventing transmis- 
sion in northeastern Maine. In this region high -ridge culture is practiced, 
so that many leaves lie on the surface of the soil and support aphids that 
ean not be touched by the spray and that are a permanent source oi 
infestation. Also, the tops in healthy fields grow so large that they form 
an expanse of foliage through wliieh it is often impossible to walk wfithout 
stepping over plants and in which it is difficult to drag undershot nozzles 
and to use them effectively for covering the leaves. Expensive applica- 
tions of nicotine solution in 192 1 reduced aphids in two four- row sections 
in a seed plot containing 19 such sections. The seed plot was rogued 
of about 10 per cent of the diseased hills, partly after aphids were present, 
and these two ,sections had progeny with about 9 per cent diseased 
as compared with from 15 to 18 per cent fur the rest of the seed plot. 
Tilt' same methods used again in 1922 were effective, in killing all aphids 
except on the leaves next to the soil. The seed plot of 1922 was a 
half mile further from rose bushes than the seed plot of 1921, and the 
potato aphids arrived about two weeks later than at the site of the 1921 
plot, following rogLiing of all mosaic hills. The progeny in 1923 will 
indicate the value of i.solation of potatoes from rose bushes (56) in reduc- 
ing the Sj)read of mosaic and the value of the. spraying in reducing tlio 
spread of the spindling- tuber disease. The latter could be rogued only 
in part of the seed plot planted by tuber units. 

In 1918, several tubers from healthy Bliss Triumph hills grown in cages 
were selected to begin a strain grown in insect-proof cages in the following 
seasons of 1919 to 1922. Every tuber from this caged stock has pro- 
duced healtliy plants. These cages were located in the field near potatoes 
with high percentages of mosaic and leaf roll, and during the same period 
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iinca'^ed Bliss Triumph stock of the same original strain as the caged 
planS grown in the same locality increased from 15 to 84 per cent mosaic. 
Similar observations were made by Krantz and Bisby {21, p, i8~ig). 
That the protective effect of caging is due to insect exclusion rather 
than to its modification of climatic factors is shown by the many cases 
described previously of infection within cages by introducing virulent 
injects. . ^ 

In this connection it is interesting to note that Murphy (ji) finds that 
capsid bugs and jassids transmit leaf roll of potato in Ireland, where those 
insects apparently are more important in this respect than aphids. 
Elmer {13) reports successful cross inoculations by transferring mealy 
hugs {Daciylopus sp.) from mosaic infected Solanum and cucurbit plants 
to healthy co\vpea (W^a C(i^/an^) seedlings. Such observations confirm 
the general assumption that possibly a number of different insects may 
Ije found which transmit these diseases. 

GENERAL CONCLUSIONS 

In addition to a subsequent summary including the various facts 
ilcnionslrated in this paper, two general conclusions may be pointed out, 
rOating. respectively, to the r61e of diseases in the degeneration of pota- 
toes and to the general influence of region on the degeneratioii'discase 
problem. 

" Running-out is generally recognized as relating to plants which for 
various reasons fail in the maximum production. Unfavorable soil and 
weather conditions, senility, reversion, and loss of vigor due to prolonged 
asexual reproduction are some of the causes to which degeneration in 
plants has been ascribed. While such factors as favorable soil and 
climate undoubtedly play a very effective role in the proper develop- 
ment of plants, it must also be recognized from the comparatively 
recent investigations on degeneration diseases in plants that no matter 
how favorable the conditions for development, a diseased plant will be 
loss productive than a healthy one of the same species and variety in the 
same environment. 

Perhaps in no other plant has the theory of senescence been so fre- 
quently mentioned as with the so-called degeneration or deterioration 
of tlic potato. Abnormalities due to mosaic, leaf roll, and spindling tuber 
heretofore have frequently been ascribed to the asexual reproduction of 
the potato. In view of the recent findings regarding the nature and 
infectiousness of these maladies, it is no longer necessary to mention 
senility in connection with them, as pointed out by Cotton (ro, p. 163- 
WTicri one realizes that a large percentage of healthy plants exists 
in many of the potato varieties propagated ascxually for many years, one 
questions rather seriously whether senescence plays any role whatsoever. 
In this connection, as Cotton (10, p. 164) has pointed out, many of 
our most ]iersistent weeds continue to reproduce very successfully almost 
entirely through asexual reproduction. 

1 he evidence on thq presence and importance of degeneration diseases 
of the potato also shows that a knowledge of the pathological significance 
of an abnormal condition of a plant is as necessary as a knowledge of 
Its cultural or genetic relations, if reliable deductions are to be drawn 

'■JO, p. 164). 

Furthermore, it is apparent that these degeneration diseases must be 
recognized in any authentic comparison of strains of potatoes in the 
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same variety. It is possible that differences in performance betwet^ 
.strains of the same variety result from varying percentages of 
degeneration diseases and not merely from other variations, such 
vigor, as is frequently designated. Disease-free strains of the san-;,/ 
variety should be grovvii under absolutely uniform conditions for severe 
season’s in order to permit accurate testing of the supposed inherent d;;, 
ferenees between strains of a variety. 

Regarding the general effect of the region the various experiment; 
detailed in this paper tend to show that the potato degeneration probltL?; 
is similar in the northeastern United States to the same problem in other 
parts of America (including Canada) and in parts of Europe (includin: 
the British Isles). It is a complex problem, involving several disease) 
that react differently to transmission agents, varieties, and other en\> 
ronmental factors. While this general similarity is true, it is also true 
that tlic problem because of its complexity may vary greatly from ont ■ 
localitv to another. It follows then that control measures must be 
worked out for different sets of conditions, following research based 
initiallv on the general principles now fairly well understood. 

'I'wo examjDles may be given of striking differences between regional 
problems. These may or may not be referable fundamentally to climate, 
bearing in mind that the preference given to varieties in a given region 
or tlie [)re valence of insects transmitting a disease may be determined 
by climate. 'I'lic presence of the spindling-tuber disease in at least 
five widely separated States of this country, with its apparent absence 
from Europe, is a difference that, regardless of its cause, coniplicatti 
the situation because of the elusiveness of vine symptoms. The presence 
of net necrosis as a tuber symptom of leaf roll in at least two States of 
this country and in Japan also is a feature that has not been noted in 
Europe. A third difference, consisting of the successful developiuem 
and use of a leaf -mutilation method of inoculation in at least three 
parts of this country may disappear wlien the method is tried in other 
countries (p. 54). In view of such differences and the differences reported 
for parts of the same country, the effectiveness of certain control meas- 
ures in one region can not be trusted as a reliable indication of their 
usefulness in another region. 

With the degeneration problem showing somewhat different aspects in 
one region from another, with seed being transported from northern to 
southern regions to reduce injury from degeneration, and with the 
need fur the use of all scientific results, it is desirable that it at least k 
possible to identify a given degeneration disease in different place? 
This is not yet possible because of the modifying effects of climate ant 
variety upon the symptoms, and because of the variation of climate anc 
varietal preference from one region to another. Growing parts of tin 
same tuber, with many tubers, and in different regions, is helpful bu' 
not always practicable. Undivided tubers are not reliable for comparisos 
unless they arc [produced under conditions where no infection of tin 
parent vines is po.ssibic. Great usefulness is in store for methods that wil 
readily identify the yet unknown causal agencies, whether organism 
or compounds, of tlie several diseases, somewhat as phloem-nccrosi 
microanalysis has been used by Quanjer (jr;, p. r.?^’-57) to detec 
an apparently consistent symptom of leaf roll. Furthermore, it i 
quite apparent that the identification of the causal agencies, whether 
by analysis or by culture, will ultimately result in an authentic clasT 
fication oi the so-called virus diseases. 
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SUMMARY 

I ; pegoneration diseases of potatoes, in the absence of known identi* 
inc causes, arc symptom cornplexes whose elementary unit symptoms 
j: and should be determined in the same standard varietv or varieties 
i(i in the same environment. 

Research with these diseases is developing a somewhat distinct 
chnic and terminology. 

; In the Green lilountain variety, scwwal degeneration diseases 
f.ve been distinguished and transmitted— namelv, mild mosaic, Icaf- 
Dlhng mosaic, rugose mosaic, streak, leaf roll, spindling- tuber disease, 
nd iminottlcd curly dwarf. 

In Green Mountains, mild mosaic was not transmitted bv contact 
in stem and tuber grafts. 

f V A leaf- mutilation method of inoculation has certain advantages 
l)A cr Ollier methods. In Green ilountains this method transmitted mild 
fiK^saic. with the. effectiveness increased by insect-cage or greenhouse 
bovi flit 10ns as compared to open-field conditions, by in closure within 
a (lamp chamber, and by repetition. 

• In Green Mountains aphids {Macrosipimyn solanijoHi Ashmead) 
transmitted mild mosaic, both alone and in combination with leaf roll 
and with spindling tuber, while negative results were secured' with flea 
U-ctles \!-:pi(rix cwumcris Harris) and Colorado Potato beetles {Leptino- 
((.•? >(! Jii cmlineaia Sav.). 

.7^ In Green Mountains, aphids from plants with a “curly-dwarf'' 
.cmbination apparently consisting of leaf-rolling mosaic and spindling 
uilitr together, transmitted the curly-dwarf combination to part of a 
iiill and spindling tuber alone to the other part, distinction being made 
.vtween different tuber units of the second generation. 

Leaf-mutilation inoculation transmitted both rugose mosaic and 
uicak readil}' in Green Mountains. 

/, < Leaf roll was transmitted neither by contact except in grafts, nor 
leaf-mutilation inoculation. 

■K'.r Spindling-tuber disease is characterised, and proofs given of its 
being a degeneration disease, spreading in the field, being perpetuated 
b} the tubers (showm in part by mechanical measurements), and being 
transmitted by tuber grafts, stem grafts, leaf mutilation, and aphids. 

^ > 1 1 i Liimottled curly dwarf was transmitted bv leaf -mutilation inocu - 
-ation and by aphids. 

i2i Combinations of symptoms exist that include more than one 
((tgeiitration disease in the same plant. Aphids sometimes transmit 
oiilv one^ disease from such a plant, but more often transmit the 
combination. 

. V)' Cobblers, leaf roll was transmitted by grafting and by 

rtplnds but not by leaf -mutilation inoculation, which is successful witli 
aJl C'tlwr degeneration diseases tested. 

U4' la New White Hebrons in 1921, leaf-roll and net-necrosis per- 
centages increased with the average weight of the tubers. 

_ 'i.-') Leaf -mutilation inoculation of Green Mountains in 1920 effected 
uitervarietal transmission of rugose mosaic, a combination of leaf-rolling 
uiosaic and spindling tuber, and unmottled curly dwarf, but was in- 
i' iccUve with mild mosaic and leaf roll. Comparison inoculations with 
spimis with four of the sources of inoculum gave similar results, trans- 
“Uttmg rugose mosaic to Green .Mountains from curlv-dwarf plants in 
Rural group. 
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i\()) Leaf -mutilation inoculation of Green Mountains in 1921 effected 
intervarietal transmission of streak, rugose mosaic and streak together 
rugose mosaic, leaf-rolling mosaic, and mild mosaic in insect 
(uncontrolled in the open field), but not leaf roll. With spindling tub- 
(uncontrolled in the open field) present in the progeny, leaf-rollmi 
mosaic having been transmitted formed a curly-dwarf combination 
Rugose mosaic was thus transmitted from Carman Xo. 3 (Rural group 
to Rural New Yorker, and from this and two seedling varieties to both 
Green Mountains and Irish Cobblers, but the symptom complexes wer; 
not identical in any two varieties. 

{17) Streak did not appear the same before and after tuber perpetuation, 

{18) Comparison inoculations with juice in capillary glass tubes were 
much less elTcctive than leaf mutilation, with rugose mosaic and streab 

(iQj Aphid inoculations of Green Mountains in 1921 effected inter- 
varietal transmission of leaf-rolling mosaic from curly-dwarf plants in 
three varieties of the Rural group, of unmottled curly dwarf and spin- 
dling tuber (separately) from Irish Cobblers, of rugose mosaic from o.ne 
seedling variety, and of leaf-rolling mosaic and rugose mosaic together 
from two seedling varieties. Aphids also transmitted rugose mosaic to 
Irish Cobblers from two seedling varieties. 

(20) Leaf-mutilation inoculations of Green Mountains in 1922 result-!] 
in current -season symptoms of streak, rugose mosaic and streak coni- 
l)ined, a.nd riigo.se mosaic with and without streaking. Comparison 
inoculations with mild mosaic, leaf roll, and spindling tuber gave n) 
current-season symptoms in tiie open fiekl. Comparison inoculations 
under insect cages gave current-season symptoms wdtii mild mosaic and 
spindling tuber. Several tlifferent symptom complexes yielded onlv 
rugose mosaic as the cuiTent-scason effect of inoculation, sometimes 
with rugose mosaic somewhat masked in the original complex. Results 
with ('rreen Mountains \vere somewhat duplicated in Irish Cobblers an] 
Bliss Triumplis, but some varietal modification of symptoms apparentiv 
occurred in these and seedling varieties. 

(2 1) In greenhonse inoculations, transmission of mild mosaic from 
Bliss rritiniphs to Green Mountains was effected to some extent with 
juice in capillary glass tubes, but not with immersion of a split stem ia 
tiiscased juice. It was effected more readil}’ with leaf mutilation as the 
ntiinber (^f inoculated leaves waas increa.sed, and more readily with aphids 
as the number of iiidivi<iual insects was increased, being possible with 
one individual aphid. 

(22) In greenhouse leaf- mu til at ion inoculations, rugose mosaic v/a> 
transmitted from a seedling variety to Green Mountains and from Green 
Mountains to Irish Col>!)lers, but leaf roll was not transmitted from Irish 
Cobblers to (ireen ^Mountains, 

(23) Interspccifie inoculations with leaf muLilation and aphids indicate 
that tobacco mosaic is not identical with potato mild mosaic, that tomato 
is susceptible to both of llie.se mosaics and also to potato rugose mosaic, 
and that nightshade {Solarium nigrum L.) is susceptible to potato miil 
mosaic.^^ Raspberry mosaic seems harmless to potatoes. 

(24) Tile various degeneration diseases of potatoes are different as to 
their economic importance resulting from their distribution and effect 
uprm yield rate and quality. 

(25) ' Natural transmission by insects contributes to the difficult v of 
the control problem, 

(26) Perpetuation occurs in tubers and not in soil alone. 
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, ,_j About 10 days were required for the mild mosaic virus to diffuse 
irom inoculated leaves to the tubers. 

, ^8) Mosaic plants from the same seed tubers sometimes show different 
;vinptom complexes in different environments. Mottling is supjjressed 
[,v southern regions and by higher temperatures. Dwarfing of the 
tubers, and therefore reduction of yield rate, was more pronounced in 
i southern region. 

i 29) Shading tended to increase mosaic mottling and decrease leaf rolling. 

,b,o) In duplicate plots leaf roll and mosaic were contracted by health v 
lots growing between rows of diseased lots, more in some regions than 
others. 

Selection of tubers without knowledge of the parent jffants can 
not eliminate seed from diseased plants infected late the preceding 

season. 

The digging of selected healthy hills progressively later in the 
cnowing season was correlated with greater numbers of aphids and with 
i^reater amounts of disease in the j^rogeny. 

,3^V) selection in fields containing diseased plants throughout the 
growing season is disappointing as a means of eliminating disease, but some- 
times gives belter results than using unselected stock from the same field. 

. Vl) Proximity and a heavy aphid infestation increased the. spread 
cf mild mosaic, while sufficient isolation from diseased stocks reduced 
It 50 that a state of freedom from the disease was maintained. Isolation 
])v 3(j meters was insufficient, and over 400 meters was sufficient. 

^35j Conditions that reduced aphid dispersal from diseased to healthy 
hills also reduced the amount of disease transmission. 

(36) Potato degeneration is largely, and possibly is entirely, a result 
of the increase of, and injury by, certain degeneration diseases. 

(37 j The potato degeneration-disease problem is on the whole similar 
lor all potato-grownng regions, but is complex enough to vary s<->mewhat 
frum one region to another, 
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PLATH I 

A - (i. 2 } Leaves from mosaic Green Mountain plant. (3) Leaf from liealthy 
Green Mountain plant. 

B. — (i) Mild mosaic Green Mountain. (2) Medium plus mosaic Green MounUin. 

C. -- (i) Healthy plant from half-tuber seed piece. (2) Mild mosaic plant from ahal;- 
tuber seed piece. Both from same hill of tlie preceding season. Green Mountair, 
variety. 





PI^ATK 2 


A.— (j) Healthy leaf from vine from same tuber as inoculated plant also grown in 
c.igt, (2) Mild mosaic leaf from Green Mountain plant inoculated with inoculum 
ironi mild mosaic Green Mountain in cage. 

lb— (i) Plant with leaf -rolling mosaic and spindling tuber, forming a curly-dwarf 
I fitnbi nation, (2) Leaf-rolling mosaic plant. Green Mountain variety. 

C — (i) Leaf-rolling mosaic Green Mountain plant diseased as result of aphid inoc- 
ulation in preceding season from parent of plant in C, 2. (2) Curly-dwarf plant of 

I nclt Sam variety (Rural group). 



PLATE 3 

A — (i and 2) Curly -dw.iri Green Mountain. Source ot inoculum for inocululi-.i- 
with ajihids in ca^es in 1921. ( Inoculated Green Mountain in B,) 
li.— i,t) Spindling-tulier vine from same 1921 hill as curly-dwarf plant, but infccii; 
with only one disease from the combination. (2) Curly-dwarf or spindling-tuber Ici 
Tolling mosaic plant. Second generation to aphid inoculation 111 cages (source : 
Inoculum in A). Variety Green Mountain. 

C.— Rugose mosaic and healthy Irish Cobbler vines. Mosaic plant is progeny iric 
vine apparently showing streak the previous season. 






PLATE 4 

A.— ,iy; Rugose mosaic Green Jlountain produced by aphids dispersinj^ from rugose 
.Scolling in cages. (2) Healthy Green Mountain from si-ure 1921 hill as precefiim; 
'in Acted plant. 13) Rugose mosaic seedling. Source of juice for aphid inoculation in 

C.'.CCS. 

]), -Rugose mosaic and streakuig in top of plant. \'ariety Green Mountain. 

^ C.— Green Mountain plant healthy below, leaf dropping in tniddle, rugose mosaic 
aiiuvc. 



PLATE 5 

A —Leaves Irom Green Mountain plant inoculated with juice from streak seedlin; 
showing spotting, streaking, and burning. Some dead spots apparently spreadir; 
along veins producing a streaked appearance. 

B. — Leaf of seedling with streaking, spotting, and burning of streak. 

C. — Green Mountain plant showing streak resulting from leaf mutilation Lnocuiatiot 
with juice from streak seedling wLen plant was about 15 cm. high. July, 1921, 





PLATE 6 

A. - I I Early stage of streak on seedling. (2) Mosaic dwarf on seedling, 

, I' ‘^treak plant in second year uf disease, progeny of plant in same series as 
tliLit in C. fa) Healthy plant of control lot. Green Mountain variety. 

(i) hill. {2) Leaf-roll hill. These hills were in the same tuber unit. 

Avios— ua- — 6 



PLATE 7 

A. — (i) Top leaf from healthy Green Mountain. (2, 3) Top leaves from spindiin:;- 
tuber Green Mountain, From plants of C (i, 2). 

B. — (i, 2) Same hills as shown in C (t, 2), earlier in the season (July 6). 

C. — (1} Spindling- tuber Green Mountain from half -tuber seed piece. (2) Healthy 
Green Mountain from quarter-tuber seed piece. Same hills as shown in B, but later 
in the season (August 29). 







PLATE 8 


A — (i) Irish Cobbler tuber, normal shape, side view, after sprouting. (2) Irish 
C<-hbler tuber, spindling-tuber shape, from same lot of seed. 

H — I Healthy Green Mountain, control to B, 2. (2) Spindling tuber in second 
generation as a result of growing in cage with aphids and spindling-tuber Irish Cobbler 
in first generation in 1921. (3) vSpindling-tuber Irish Cobbler. 

C.— (i) Six spindle-shaped tubers, progeny from the spindling tuber half grafted 
on the normal half tuber which produced the tubers shown in C, 2. (2) One hill 

spindling-tuber progeny from a normal half-tuber seed piece grafted on spindling 
tuber half-tuber seed piece. {3) Normal progeny from a quarter-tuber seed piece 
from the same tuber as the progeny in the middle row. Green Mountain variety, 



PLATE 9 

A. — Results of lo of the spindUng-tuber grafts, (i) Upper row, groups of tiibei 
dug from lo diseased hills grown from grafted half tubers originally diseased, (j 
Middle row, groups of tubers dug from corresponding hills infected by graft io? 
grown from gmted half tubers originally healthy. (3) Low'er row, groups of tubtn 
from ^ hills grown from ungrafted quartered parts of the same tubers produciTi; 
the middle row; shape healthy. 

B. — Results of leaf -mutilation inoculation in insect cage, 1922. (i) Tubers frai 
spindling-tuber hill serving as source trf inoculum; (2) tubers from inoculated hill 
with three tubers showing the disease; (3) tubers from uninoculated hill, contra' 
in same tuber unit as center hili but in different insect cage. Green Mouataii 
variety. From stocks caged preceding year. 

C. -^hort tuber from spindling-tuber hill, with characteristic eyes and skin of A 
disease (center) and four tubers from healthy hills. Green Mountain variety. 







PLATE 10 

A — (i) Dwarfed Irish Cobbler plant. (2) Unmottled curly-dwarf Green Mountain 
till diseased as result of aphid inoculation in preceding season from parent of 
plant (A, i). 

}V— (i) Healthy plant and corresponding tuber progeny. (2) Plant and cor- 
ft-s ponding tuber progeny infected with spindling tuber. Healthy and diseased 
plants from Rose 4 variety. 

C. Parts of the same Green Mountain strain. In left center, spindling -tuber seed 
pAatoL's planted. On right, all- mosaic seed potatoes planted. August 20, 1918. 



PLATE u 

A. — Healthy branch on an unmottled curly-dwarf plant. Variety Green Mou-nii; 
U. — (i, 4) Healthy, and (2, 3, and 5) nnmottled curly-dwarf plants, variety Gre- 
Mountain. Infection produced in first generation by leaf mutilation with juice fr. 
unmottled curly dwarf Irish Cobbler. 

C. — Foliage from Green Mountain plant showing streak. 






Si*? 


PLATE 12 


3i - H i Second-generation progeny to Green Mountain plant treated A, 2. (2) 

"it tu))er from Green Mountain plant inoculated by leaf mutilation with jii ice from 
iKjttled curly-dwarf Green Mountain. The two somewhat spindle-shaped tubers 

from Green Mountain plant infected with streak; stem from unmottled 

eirlv dwarf Green Mountain plant, August ig, ig 2 1. v.rt-^r 

C.' 1 1 ! Leaf from plant inoculated with iiiice from curly-dwarf Rural New Yorker 
(fi Healthy leaf. (3) Leaf showing streaking. All leaves trom Rural New \orkcr 


farifty. 



PLATE 13 

A. — Effects of recent leaf-nrutilation inoculation, before appearance of d 
symptoms. 

B. — Capillar, -'tube inoculation with mosaic. 








PLATE 14 


•\ - Stcni-in-vial inoculation with mosaic. 

li!- Four Irish Cobbler hills, July 6, 1922, each with spindling tuber. The two on 
the left have had it at least a year longer than the two on the right, as the former were 
planted with seed tubers showing the disease while the latter were planted with seed 
lutn-rs appearing healthy, The two outside plants have leaf roll in addition. 

— \ olunteer potato plants in buckwheat. July 3, 1921, in northeastern Maine. 

4S108r-2;^ 1 



PLATE 15 

A. Green Mountain diseased plant representative oi many that showed grev,. 
dwarfing and curling of the middle leaves than of the lowest or upper leaves, apparent 
as a result of certain weather conditions (July 2, 1921). 

B. -(MTjj Tobacco plant inoculated 15 days previously and infected with juu 
from mosaic tobacco plant, (MPj) Tobacco plant of same seedling lot inoculated: 
same way with juice from mosaic potato plant 26 days previously, but not becoiriii 
infected, Orono greenhouse, Miuch 2, 1920. From series 6 and 12, respectivelv. 
Table XXI. 

C. — Lower leaves of Bliss Triumph plants in same mosaic tuber unit. Larger It 
grown in warm room, smaller one in cool place. Wrinkling and mottling were ra/ 
pronounced in cool place. 

D. — Nightshade, So/unutn nigrum L- On left, inoculated and infected with jiCi 
from a mosaic potato plant. In center, inoculated and infected with aphids froir 
mosaic potato plant. On right, uninoculated healthy control from same lot, Ni 
that the lower leaves from the main stem are similar for the three plants, bin ih 
infection dwarfed the up]jer p;irts. Orono greenhouse, April 20, 1920. 
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